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20. ABSTRACT (Continued)

xploration programs and evaluated using structural contour and isopach tech-
niques. These evaluations resulted in the conclusion that the offsets in the
basalts were due, in one case, to a landslide and, in the other, to topography;
no active or capable faults are present under the dam or in the immediate
vicinity.

Faulting and historic seismicity were investigated within a radius of approxi-
mately 200 km of the site. Aerial photography, LANDSAT imagery, and aerial
overflights were a part of the regional fault studies. The regional fault
studies indicated that active or capable faults were present in the Yellowstone
National Park (YNP) area. Nearby faults, such as the Grand Valley and Snake
River faults east of the site, were not considered to be active or capable *The
level of seismic velocity at the site and on the nearby Snake River Plain 'NW
is low. However, hir.h levels oi seismicity occur in the YNP area and along the,
Utah-Idaho border and intermediate levels occur in the Caribou Range south of
the site and to the west of Palisades Reservoir. Palisades Reservoir has been
cited as having induced earthquakes in the Caribou Range. There is no com-
pelling evidence for this, nor at the Ririe Dam.

On the basis of seismicity and tectonics, three seismic zones-A, B, and C--
were identified. Zone A was the YNP area approximately 105 km from the site.
The maximum earthquake (ME) in this zone is a magnitude 7.5 event which would
produce the following peak ground motions at the site: acceleration, 0.22 g;
velocity, 32 cm/sec; displacement, 20 cm. Zone B included the seismically
active area along the Utah-Idaho border and within approximately 40 km south of
the site. The ME in this zone is a magnitude 7.0 event occurring at a distance
of 40 km (far field) from the site; the peak ground motions are: acceleration,
0.28 g; velocity 40 cm/sec; and displacement, 23 cm. Zone C included SRP, the
site, and areas between Zones A and B. The ME in this zone is a magnitude
5.5 event occurring 15 km (far field) from the site; the peak ground motions are
acceleration, 0.16 g; velocity, 25 cm/sec; and displacement 15 cm. For all
zones, the bracketed durations (acceleration ! 0.05 g) would be 10 sec for hard
rock under the site. The design basis earthquake ground motions are those from
Zone B, and the operating basis earthquake ground motions are those from
Zone C.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By To Obtain

acre-feet 1233.489 cubic metres

degrees (angle) 0.01745329 radians

feet 0.3048 metres

inches 25.4 millimetres

miles (U. S. statute) 1.609347 kilometres

square miles 2.589998 square kilometres
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GEOLOGICAL AND SEISMOLOGICAL INVESTIGATIONS
AT RIRIE DAM, IDAHO

PART I: INTRODUCTION

Purpose and Scope

1. The purpose of this study was to investigate and evaluate the

potential earthquake ground motions at Ririe Dam located in southeastern

Idaho. This study was conducted in compliance with ER 1110-2-1806

(Office, Chief of Engineers, 1977).

2. The study included both geological and seismological investi-

gations and consisted of th6 following elements: (a) an evaluation of

the local and regional geology with respect to active or capable faults,

(b) a review of historical regional seismicity, and (c) the determination

of the maximum earthquake that will affect the site as well as the

attenuated peak ground motions at the site.

General Description of Ririe Dam and Lake

3. Ririe Lake is located on Willow Creek, a tributary of the

Snake River in Bonneville County, Idaho (Figure 1). The dam is approxi-

mately 15 km northeast of Idaho Falls. The dam embankment is a

zoned earth- and rock-fill structure 251 ft* high, 840 ft long, and 40 ft

wide at the crest. The lake at maximum pool (elevation 5119 ft) has a

storage capacity of approximately 100,000 acre-ft. The multipurpose dam

and lake serve for flood control, recreation, and irrigation. The dam

was designed and constructed by the U. S. Army Engineer District, Wall&

Walla, and then turned over to the U. S. Bureau of Reclamation for

operation in 1978. Filling of the reservoir began in 1976.

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is presented on page 5.
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PART II: GEOLOGY

Physiography and Drainage

4. The Ririe Dam site is situated in the southeastern portion of

the Snake River Plain section of the Columbia Plateau Physiographic

Province. This location is 10 km north of Middle Rocky Mountains Province,

100 km south of the Northern Rocky Mountains Province, and 10 km north

of the Basin and Range Province. The portion of the Snake River Plain

containing the site is elevated above the alluvial plain of the Snake

River and forms the southern part of the Rexburg Bench. The alluvial

plain of the Snake River exhibits low relief, but the topography of the

dam and reservoir areas on the Rexburg Bench is hilly, exhibits approxi-

mately 1150 ft of relief at the damsite, and is considerably higher in

the upstream portions of the Willow Creek basin. Cenerally, the relief

on the Rexburg Bench increases from north to south. The site is also

located to the west of the Snake River and Teton Ranges and approximately

80 km southwest of Yellowstone National Park.

5. The dam is located on Willow Creek approximately 24 km upstream of

the confluence of Willow Creek and the Snake River. The Snake River heads

in northwestern Wyoming and flows southwesterly to enter Idaho in its

southeast corner, then flows northwest through the Palisades Dam and Reser-

voir. The Snake River flows then across the Rexburg Bench in the vicinity

of Poplar, Idaho, continues northwest to Menan Buttes, and finally flows to

the southwest toward Idaho Falls. Three kilometers downstream from the dam,

Willow Creek emerges from the Rexburg Bench onto the Snake River alluvial

plain, upon which it meanders for 21 km before it flows into the Snake River.

Stratigraphy

6. The geology of the dam and reservoir areas is dominated by

volcanic rocks. Figure 2 shows the areal geology, and Figure 3 presents

a generalized stratigraphic section of the rocks in the vicinity of the

dam and reservoir. Figure 4 is a location map and Figures 5 through 10

8
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are geologic p~rofiles of the volcanic units. There are five distinct

major lithologic and stratigraphic units exposed (U. S. Engineer District,

Walls Walls, 1977). These units are, from oldest to youngest, respec-

tively:

a. A thick sequence of ash, rhyolite and sediments of Late
Tertiary age which are called "basal sediments" or Salt
Lake format ion.

b. A sequence of basalt of Quaternary or Tertiary age.

c. Channel gravel deposit.

d. A rhyolite flow.

e. A basalt flow (Intracanyou Flow).

7. The upland areas are mantled by several feet of windblown silt

(loess) of Quaternary age and the alluvium of Willow Creek converts

Pleistocene to Holocene age silts, clays, sands, and gravels. Generally,

the knowledge of the local geology is based upon the U. S. Geological

Survey (USGS) open file geologic map by Proatka and Hackman (1974),

boring logs and cross sections prepared by the Walla Walls District, CE,

and geological studies conducted as a part of this investigation. These

recent studies consisted of a reevaluation of existing geological infor-

mation derived from the original exploration program, field examination

of exposed rock units, radiometric dating of selected flows, and additional

rock drilling. The geological units are described in the next sections.

Basal sediments

8. This unit is termed "basal sediments" in the foundation reports

and is presumed to be approximately equivalent to the Salt Lake formation.

This material is mapped as "Tr" on Prostka and Hackman's (1974) map and

is Pliocene (Tertiary) in age. The unit consists of rhyolitic welded

tuffs, lava flows, and nonwelded tuffs. Exposures of this unit in

Meadow Creek, an upstream tributary of Willow Creek, consist of volcanic

ash beds (nonvelded tuffs), silts, and sands. The surfaces upon which

these individual volcanic and nonvolcanic materials were deposited are

apparently quite irregular as indicated by steep primary dip. These

materials are unveathered as exposed in Meadow Creek, but the basal

sediments encountered in boreholes under and near the dam consist of

silt and clay that most probably resulted from the devitrification and

18



weathering of the volcanic glass. This unit is believed to be quite

thick, perhaps thousands of feet thick. However, the deepest explor-

atory penetration of this unit was approximately 100 ft.

Older basalt

9. Unconformably overlying the basal sediments and underlying

both the rhyolite flow and the channel gravels are approximately 251 ft

of basalt flows. These basalt flows are labeled "Qbo" on Prostka and

Hackman's (1974) map and are considered by them to be of the Quaternary

age. At the dansite the unit consists of predominant hard, dark gray,

fine-grained, vesicular basalt. This sequence of basalts has been

lithological.y and stratigraphically divided into five individual flows

or flow units on the basis of Interbedded clays, flow or contact breccias,

and lithologic dissimilarity. Ten key marker horizons have been identi-

fied and are shown on the stratigraphic column and on the cross sections.

Generally these marker horizons can be identified throughout the vicinity

of the dam. However, the examination of boring logs revealed that

marker horizons 17 and 17A are least continuous. These interbedded

clays and associated contact or flow breccia zones apparently indicate

surfaces of unconformity upon which successive flown were extruded.

Horizon 12 reflects a distinct change in lithology in terms of the

appearance of clustered plagioclase phenocrysts, which appear above

horizon 12 and not below it. This porphyritic basalt is termed the

"first flow basalt." This horizon is not a surface of unconformity.

Channel gravels

10. Exploratory drilling for the emergency spillway in the right

abutment revealed the presence of approximately 40 ft of predominant

gravel interbedded with sand, silt, and clay. The drilling logs indicated

that these gravels, which are presumed to represent a channel deposit,

underlie both the rhyolite and the youngest rock unit, the intracanyon

basalt. The channel gravels lie unconformably upon the older basalt

flows and represent downcutting to at least horizon 14 in the older

basalt flows.

19



Rhyolite flow

11. Unconformably overlying the channel gravels and first flov

basalt in the right abutment and only the first flow basalt in the left

is a fine-grained, soft to moderately hard, pink to gray, rhyolite flow.

This material is the gray rhyolite flow. The base of the flow consists

of ash and locally obsidian. This material is the Huckleberry Ridge

tuff of Prostka and Hackman (1974) who describe the unit as a rhyolite,

welded, ash-flow tuff. These authors give the age of the material as

Pleistocene.

Intracanyon flow

12. Unconformably overlying the local channel gravels and rhyolite

is approximately 72 ft of gray to black, porphyritic, and vesicular

basalt. This unit exhibits feldspar phenocrysts and colusnar jointing

and was apparently extruded along a canyon ancestral to the present

Willow Creek canyon. The contact between the intracanyon flow and the

older basalts along the north side of Willow Creek canyon approximately

one mile downstream of the dam is shown in Figure 11.

Loess

13. Overlying the rhyolite flow and generally covering most of

the volcanics is several feet of Pleistocene age windblown silt. This

loessial material is quite extensive and effectively conceals much of

the structural and stratigraphic relationships in the underlying rocks.

The correct interpretation of the stratigraphic and structural relation-

ships between these volcanic flows and the interbedded gravels is an

important aspect of this study because of the need to identify geologic

faults that may be capable of producing earthquakes.

14. The geological interpretation and identification of the

structure at Ririe Dam is complicated by the veneer of loess and by the

fact that the dam is completed and it and the reservoir cover locations

of interest. Furthermore, the very nature of the flows results in

additional complications; these result because the flows have been

extruded on highly irregular, eroded surfaces.

15. The authors believe that the single most important consider-

ol ation in the evaluation of the geological data with respect to faulting

20I _ _ _ _
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J4

a. Distant view

b. Close-up

Figure 11. Unconformable contact between overlying intra-
canyon basalt (darker rock) and underlying
older basalts
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is the existence of at least six unconformities within approximately

350 ft of total section.

Geologic Structure

16. Generally, the structural makeup of the southern portiot, of

the Rexburg Bench is not particularly complex. The basalt units that

comprise the abutments dip in a southwesterly direction with the degree of

dip ranging from 5 to 30 degrees. In the area south of the Snake River

Plain, Prostka and Hackman (1974) have mapped 14 faults of which four are

presumed faults; no faults have been identified by these authors at the

damsite. All of the mapped faults on the southern portion of the bench

are normal, and none are shown to cut the rhyolite (Qyh) in the vicinity

of the site. Also, In thýs area only one fault (11 km southwest of the

dam) was found to affect or cut the older basalt (Figure 2); this partic-

ular fault occurs between the older basalt and the basal sediments (Tr).

All other mapped faults are limited to the basal sediments and undiffer-

entiated Hesozoic units.

17. The Snake River valley northeast of the dam may be at least

partially bounded by normal faults. The Snake River fault, shown in the

southeastern corner of Prostka and Hackman's (1974) geologic map (see

Figure 2), is projected to the northwest where over a part of its length

it occurs along the south valley wall of the Snake River valley. The

southeastern portion of the northern side of Snake River valley, east of

the dam, is bounded by the Grand Valley fault. The Heise fault bounds

the northwestern portion of the Snake River valley. North and northeast

of the Snake River valley the faulting is more extensive and several

faults have cut the rhyolite (Qyh).

18. During construction three faults were found at the dam site;

two of these faults occur under the dam and are shown on the cross sections

in Figures 5 and 6. Both faults appear to be normal; the fault near the

left abutment exhibits a vertical displacement of approximately 30 ft

and the one near the center of the dam exhibits a vertical displacement

of approximately 75 ft. I",he strike of the larger fault is approximately

22
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N 40" W. The third fault or shear zone occurs under the intake tower

and exhibits a strike which is approximately normal to the axis of the

valley. Displacement on this feature was seen during construction; the

fault is limited to the older basalt and does not extend into the over-

lying rhyolite. The age of the rhyolite and the fact that the fault

or shear zone does not transect the rhyolite indicate that this feature

is not an earthquake source. A further discussion of the two faults

under the dam will be given in the section dealing with Field Studies

and again in PART III: Fault Studies.

Radiometric Age Dating

19. To more accurately determine the potential activity of the

presumed faults at the dam, the absolute ages of the foundation rocks

had to be known. Therefore, selected samples of core were taken from

drill hole No. 9 (left abutment) and drill hole No. 31 (right abutment)

for radiometric age dating. The analyses were performed by Teledyne

Isotopes and the dating method was potassium-argon. The results of the

analyses are given below:

Drill Hole Depth Elevation Age

unit No. ft ft. msl Million Years

Intracanyon basalt 31 27 5140 3.1 + 0.2

Rhyolite 31 31 5136 3.2 + 0.2

First flow basalt 31 75 5C92 6.7 + 0.7

Basalt, units 17-18 9 304 4893 7.3 + 0.4

20. It is apparent that the geologic ages of these flows are not

Pleistocene (Quaternary), but Pliocene (Tertiary). Also, the ages

indicate a hiatus of approximately 3.5 million years between the extrusion

of the first flow basalt and the extrusion of the rhyolite--a period of

time during which well developed drainage systers could be established.

The channel gravels are apparently remnants of this syster.

21. Since these rocks are of an older age than the Pleistocene,

the determination that a given fault, although displacing a lower flow,

23



did not displace an upper one would demonstrate no movement on the fault

in the last 3 million years and that would essentially require that the

given fault be considered not capable. Therefore, the fault or shear

zone under the intake tower is noncapable and nonactive.

Field Studies

22. Field studies were conducted to reexamine the geology of the

project to determine whether the suspected faults under the dam could be

traced beyond the dam. The downstream projection of the local strike

(N 40* W) of the larger fault indicated that this fault should head into

the right abutment canyon wall a short distance downstream of the dam.

Examination of outcrops on the tops, sides, and bottoms of the canyon

walls downstream of the dam revealed no evidence of faulting.

23. Outcrops were also examined on the canyon tops and sides

upstream of the dam. These observations also revealed no faults;

however, there was evidence of landslides or slumping particularly on

the left canyon wall.

24. Field examination of outcrops and mapped faults upstream of

the dam in the Meadow Creek area generally confirmed the geologic mapping

of Prostke and Hackman (1974); that is, there was no evidence for faulting

in the older basalt (Qbo) or in the rhyolite (Qyh).

25. The Meadow Creek area is particularly significant for observing

the relations between the basal sediments (Tr), older basalt (Qbo), and

the rhyolite (Qyh). An enlargement of Prostka and Hackman's (1974)

geologic map is shown in Figure 12. From this map it may be seen that

the older basalt flows (Qbo) rest unconformably upon the basal sediments

(Tr) and that the rhyolite (Qyh) lies unconformably upon both the older

basalt flows and the basal sediments. No faulting is indicated.

26. Figure 13 is a cross section taken approximately parallel to

Meadow Creek. Figure 14 presents photographs of this area. The dip on

the basal sediment surface is evident. This is an apparent dip of

approximately 26 degrees. The true dip could be considerably higher.

24
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a. Dopstream view

Figure 14. Photographs of Meadow Creek valley
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Apparently considerable relief had developed upon the basal sediments

prior to extrusion of the older basalt. Note that the slope on the

surface upon which the rhyolite lies is considerably smaller.
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PART III: FAULT STUDIES

General

27. This part of the report describes the activities conducted

and information collected to determine whether active or capable faults

are present at or in the vicinity of the damsite. Active and capable

faults are faults that may generate earthquakes. Active faults are

those faults that show evidence of geologically recent movement. Faults

that displace Holocene alluvium, for example, would be classed as

"active." Capable faults exhibit one or more of the following features

(Office, Chief of Engineers, 1977):

a. Movement at or near the ground surface at least once
within the last 35,000 yr.

b. Macroseismicity instrumentally determined with records
of sufficient precision to demonstrate a direct relation-
ship with the fault.

c. A structural relationship to a capable fault such that
movement on one could be reasonably expected to cause
movement on the other.

28. The determination that a given fault is active or capable

would require that the fault be considered an earthquake source. The

size of the earthquake assigned to the fault would be a function of

fault length and the regional seismicity. Since three faults have been

postulated to occur at or under the dam, it is apparent that whether

these three faults are active or capable is of paramount concern.

29. The analyses of the local faults were based upon information

presented in various design memoranda for the dam, field examination of

the site and environs (given in PART II), data collected during the

supplemental drilling program, and examination of LANDSAT and other

imagery. The analyses of regional faults involved interpretations of .

USGS publications, imagery, and aerial overflights.

29



Imagery Interpretation

30. The examination of large-scale serial photography and LANDSAT

Imagery was conducted for the purpose of elucidating the character of

local and regional structures (Glass and Slermons 1978). The results of

the examination of aerial photographs of the dam and reservoir area

failed to reveal any new data that could contribute to characterizing

the presumed local faults at the damsite, and no previously unmapped

faults were seen. Specifically, the examination of the along-strike

extension of the presumed faults at the dam revealed no trace of faulting.

Although preloess faults could be present, there were no indications of

loess displacement; however, the loessial upland areas are actively

cultivated and this cultivation could easily remove evidence of displace-

ment. Also, there was no evidence of fault displacement along Willow

Creek valley; however, the dense vegetation in the valley could easily

conceal minor displacements. Figure 15 is an aerial photograph of the

damite taken during site exploration. The damsite is located at the

bottom of the photograph. The larger presumed fault under the dam

strikes more or less down Willow Creek or possibly into the north canyon

wells. No evidence of the fault can be seen. Note, however, the land-

slide debris on the left (southern) canyon wall downstream of the site.

Figure 16 shows the adjacent frame to the south of Figure 15, consisting

of the damsite and upstream portions of Willow Creek. Again no upstream

evidence for faulting is evident, although landslides are apparent.

31. Two seemingly anomalous features were detected on the aerial

photographs. The first is located 19 km upstream of the dam and is

shown in Figure 17. This feature is a northeast trending linear topo-

graphic ridge shown in the upper left quadrant of the photo. Field

examination of the feature revealed approximately 20 ft of relief with a

steep slope on the northwest side. Examination of the walls of Willow

Creek on strike with the feature revealed no evidence of offset in the

outcrop. Other similar but more curvilinear features were found on

•t other photos and in the field. None of these is believed to be a fault.

These topographic anomalies are believed to be edges or ends of lava

flows.

30
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Figure 15. Aerial photography of the damsite during site exploration
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Figure 16. Aerial photography of the damsite during site exploration
(adjacent frame to the south of Figure 15 photograph)

232



LFigure 17. Anomalous features on aerial photographs

33 ~



m ii m i i -- - - r --iil Jll i in l m l iiiii

32. The second apparent anomaly occurs approxivately 4 ka northeast

of the damalte where Birch Creek enters the Snake River Plain. This

feature, shown in Figure 18, is the rather straight, steep escarpment

separating the Rexburg Bench to the southwest from the Snake River Plain

to the northeast. The escarpment is the southeastern boundary of the

Snake River graben and is aligned with and apparently conforms to the

most northwesterly extension of the Snake River fault shown in Figure 2.

The escarpment is considered to be concealed by alluvium or loess through-

out most of its length. In the field the escarpment appeared as a

typical valley wall adjoining an allu .al valley. There was no evidence

that the offset represented recent tectonic displacement. Furthermore,

the photos and field evidence shoy that Birch Creek valley completely

truncates the escarpment Indicating that this boundary fault predates

the alluvial filling of Birch Creek and the Snake River valley and is,

therefore, not active.

33. A LANDSAT lineament investigation of the Ririe region was

conducted by General Electric (GE) Company Space System Operations

(Space Systems Division, General Electric Corporation 1979). The Ririe

study was a part of a larger investigation by GE for the Corps of

Engineers (CE) to demonstrate the use of LANDSAT image enhancement

techniques In geological investigations. Specifically, this study of

the Ririe area was intended to supplement the evaluation of the regional

faulting. It was believed that the LANDSAT imagery and the enhancement

techniques might define extensions of known, mapped faults and possibly

identify linears that might represent previously unmapped faults.

Figure 19 is a LANDSAT enhanced image of the area. The GE study identi-

fied 20 linears (Figure 20), the most significant of which coincided

with known faults; the remainder appeared to reflect topographic features.

Exploratory Drilling

34. A limited objective, core drilling program was initiated in

the sumer of 1978 for the purpose of determining whether the preaumed

34
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Figure 18. Anomalous features northeast of the damsite
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Figure 19. LANU)SAT custom enhancement -Ririe Dam site, Idaho
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faults under the dam could be traced along strike beyond the downstream

toe of the dam. The strike of the larger fault (N 40 IW) suggested that

the fault should head into the right canyon wall a short distance down-

stream of the dam. By drilling out the fault and showing that it did

strike into the canyon wall in the subsurface and by previously having

demonstrated by observation that the rocks in the canyon wall were not

faulted, one could determine a minimum age for the last displacement.

This minimum age would be Tertiary, which would result in the fault

being classed as noncapable. In the event that the strike of the fault

changed and the structure headed farther downstream the objectives would

not be satisfied. Also, the drilling was limited to a relatively satll
spoil area downstream; drilling was prohibited in the natural ground

beyond the Willow Creek valley due to environmental restrictions.*

35. The drilling program consisted of nine core drill holes

(DH-251 through DH-259) and two pneumatic drill holes (PN-123 and PN-124).

The hole locations are shown in Figure 21 and the logs are given in

Appendix A. In general, the location of the presumed fault was based

upon identifying elevation differences of the basal sediments upper

surface (marker horizon 18) between adjacent borings. Three lines of

borings approximately normal to the valley strike were drilled. On the

first line of borings (nearest the dam toe) an offset of approximately

60 ft on the basal sediments surface was found between holes DH-252 and

DH-253. On the second line, farther downstream, an offset of approxi-

mately 57 ft occurred between holes DH-254 and DH-255. On the basis of

these two drill lines, the presumed fault appeared to maintain its

strike and was heading toward the right canyon wall as predicted. The

third line of borings was located on the basis of the projected fault

strike and as close as possible to the downstream limit of drilling.

Four core drill holes (DH-256 through DH-259) and two pneumatic drill

holes (PN--123 and P1-124) were drilled in this area. However, the drill

*Geophysical methods (which were not prohibited) were considered; how-
ever, it was believed that neither seismic nor electrical methods
could detect marker horizons in the basalt.
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holes positioned on both sides of the projected strike line failed to

locate appreciable elevation differences on the basal sediments surface.

Holes 256 and 257 were located on the downthrown side, indicating that

the fault line did not head into the right canyon wall. This third line

was then extended toward the left canyon wall. The following two core

drill holes and pneumatic holes resulted in the discovery of offset in

the basal sediments surface; however, the location of the offset indicated

that the strike of the presumed fault line had changed direction possibly

by as much as 90 deg.

36. The conclusions resulting from the exploratory boring program

indicated that the presumed fault could not be dated by direct strati-

graphic evidence and, more importantly, that the irregularity of the

strike line strongly suggested a topographic surface rather than a fault

scarp. Furthermore, it wms apparent that an examination of the topography

on the basal sediments surface needed to be conducted throughout the

damsite. The results of these investigations are given in the next

section.

Interpretation of Presumed Faults at Site

37. This section of the report consists of a review of the

geological information concerning the presumed foundation faults, evi-

dence for and against their existence, and an analysis of the structural

and stratigraphic relationships between the volcanic units.

38. The evidence for faulting consisted of the following types:

(a) dislocations of marker horizons as determined from boreholes,

(b) dislocations of marker horizons in the excavation, and (c) a shear

zone in the excavatiun. Presumed fault zones iocated in the excavation

were mapped, cleaned, and covered with concrete.

39. Figure 6 shows a geological cross section along the center

line of the dam. This cross section and other sections that follow are

ones which appear in various foundation reports and other reports per-

taining to the project. These sections reflect minor changes that have

been made as a part of this study. In this section two dislocations are
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apparent. Approximately 75 ft of displacement occurs between marker hori-

zon 18 on either side of the northeast fault hereafter called Fault 1;

approximately 30 ft of displacement occurs between marker horizon 15 on

either side of the other fault shown in Figure 6 hereafter called Fault 2.

40. Figure 22 shows the map of the foundation at Fault 1 prepared

after excavation of the core trench. This zone is not described as, nor

does it appear to be, an area of sheared rock. The material in the zone

is either basal sediments (as mapped) or alluvium, consisting of clay and

sand; the basalt on either side of these sediments is not particularly

sheared nor fractured. Observations made in the core trench exposure

suggested that the fault had a strike on N 400 W. Also, the foundation

report indicates that the fault is reverse and dips toward the southeast;

however, drawings in the foundation report show the fault to be normal.

The examination of Fault 2 did reveal the presence of a sheared,

brecciated zone.

41. A third fault, Fault 3, was discovered in the left abutment in

the intake tower foundation. This fault zone was sheared and nearby bore-

hole evidence indicated that there was an offset in marker horizons 15 and

16. There was approximately 5 ft of dislocation in the excavation of the

tower foundation, seen during stripping of the left abutment near the

tower site (see paragraph 18).

42. Figures 5 and 6 illustrate the stratigraphic and topographic

relationships between the uppermost flow, the intracanyon basalt, and sub-

adjacent units; that is, the indication that the intracanyon basalt as well

o* as the rhyolite occupy topographic lows. Also, it can be seen from Figure V
6 that these lows are most likely a former stream channel where this former

stream has cut down at least to marker horizon 13.

43. Figure 5 also shows that the elevations of the base of the rhy-

olite along the dam center line are variable and that the differences in

elevations between left and right abutments do not necessarily conform to

the sense of movement on the faults. Marker horizons 13 and 14 are topo-

graphically irregular; however, topographic offsets conforming to the

sense of fault movement are only apparent toward the axis of the dam.

44. The absolute criteria for the recognition of faulting whether in
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the subsurface or at the surface is the recognition of offsets in

marker horizons or beds on either side of a plane or zone along or

through which the offset has occurred. Also, for positive recognition

of faulting, the offset horizons should be identified as close to the

plane in question as possible. Unfortunately, In this study this absolute

criteria has not been met; that is, for a given presumed fault either

the offset is recognized or the plane is recognized but in no case have

both been observed. The absence of absolute criteria for faulting, the

presence of landslides, and the observed high relief on the basal sediments

surface suggest that there may, in fact, be no faults in the dam foun-

dation. The following paragraphs address the use of reconstructions and

structural contour and isopach maps as well as the occurrence of land-

slides to interpret the apparent dislocations of marker horizons under

the dam.

Landslides

45. An examination of Proatka and Hackman's (1974) geologic maps

(Figures 1 and 12) reveals that numerous landslides have occurred on

Willow and Meadow Creeks. These features are usually readily apparent

in the field; however, landslides of various ages are present. Those

slides that have moved the farthest are easiest to identify since they

occupy anomalous positions at the base of the canyon walls. Slumps or

slides that have moved, as yet, only short distances and that still

occupy positions near the top of the canyon walls are less obvious and

may be mistaken for faults. Attention was given to distinguishing

between faults and landslides during the field studies, and it was

concluded that the distinctions between faults and slides were correct.

46. However, the geologic maps can only present information on

landslides that are not covered with alluvium. That is, older landslides

that predate much of the filling of Willow Creek, for example, would not

be seen. There is a body of evidence that indicates that the presumed

fault on the left abutment exhibiting approximately 30 ft of displacement

is a landslide or slump feature. This slide has been partially covered

by alluvium.

43



47. Figure 21, a topographic map showing the location of boreholes,

indicates a small knoll or rise above the alluvium surface near the left

abutment. Boring 59 is on the knoll. Figure 23 show the topography

(elevation) on the bedrock surface. This figure also shows the knoll

and indicates an anomalous irregular area upon which the knoll is located.

This irregular area has the appearance of a landslide or slump feature

and is assumed to be such In the interpretation which follow.

Structural reconstruction

48. This technique is based upon the assumptions that faulting

has occurred and that topographic influences are not significant.

Although the exploratory geological investigations postulated a reverse

fault for the major presumed structure (paragraph 40), this was not

considered tenable in light of the regional mapped faults, which were

all normal. Therefore, the reconstructions assumed normal faulting.

Also, the reconstructions assume that the small fault is a landslide or

slump feature; therefore, in each reconstruction the slumped block is

shown in its preslump position.

49. Figure 24 is a restored section under the dam which is "hung"

or aligned on marker horizons 13 and 14. This cross section represents

the geology prior to offset of horizons 13 and 14. The section indicates

that the assumed fault existed prior to the extrusion of the flown lying

above horizons 13 and 14. This is apparent from the offset of horizons 15

and 16 and 17 and 17A. Note, however, that the sense of movement of hori-

zons 15 and 16 and 17 and 17A is different from that of 13 and 14 because

15 and 16 and 17 and 17A have been offset by apparent reverse faulting.

This indicates that the direction of movement in the fault has changed.

It is also apparent that if a reverse fault had been assumed initially

and the restoration made on this basis, that horizons 15 and 16 and

horizons 17 and 17A would still exhibit an opposite sense of movement

from horizons 13 and 14. Thus, the original assumption that flows 12

and 13 have been cut out by a fault is untenable.

50. Figure 24 is a restored cross section "hung" on marker

horizons 15 and 16. This section shows that prior to the presumed

44
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faulting of f lovs 14 and 15, movement on the fault had displaced marker

horizon 18 and flows 16 to 18, and that the sense of movement vas normal

in both cases. These relative movements Indicate that the assumption of

faulting of flown 14 and 15 could be correct.

51. The reconstructed cross sections (Figures 24 and 25) as veill

as the original, unmodified section demonstrate that there is a signif-

icant difference in thickness of flows 17 to 18 on either side of the

presumed fault. Boring DDH-16 on the left side of the presumed structure

gives a thickness of approximately 26 ft; whereas, the thickness on the

right side from boring CDH-196 is nearly 44 ft. Generally, this difference

in thickness supports the presence of a normal fault since the thicker

section is on the down-dropped side.

Structural contour and isopach maps

52. The tabulation below gives the marker horizons upon which

structural contour maps were prepared anid the flov units for which

isopach maps were made:

Structural Contour Map Isopach Map
Marker Horizon Figure Interval Figure

12 35 --

13 34 -

14 33--

15, 15A 32--
16 31 - -

17 29 16-18 30

53. The structure and isopach maps described below were logically

contoured and generally do not reflect interpretation. Figure 26 is the

structural contour masp of the basal sediments surface (marker horizon 18).

The closely spaced contour lines trending approximately 1500 ft vest

from the dam center line is the presumed fault. The map has been

logically contoured vithout interpreting faults; therefore, the position

of the presumed fault is indicated by a steep surface of the basal
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sediments. (If the map had been drawn on the hasis of an established

fault, the contour lines would stop on the fault line.) Note that the

spacing of the contour lines open up within 100 ft east of the dar and

also at a point approximately 1500 to the west, indicating that If a

fault is present at the dam, the displacement considerably decreases

beyond the area of closely spaced contour lines.

54. The interpretation of a logically contoured map must consider

and distinguish between anomalies, which are either structural or topo-

graphic or both. Thus, the 1500 ft of closely spaced contours could be

either a fault line (structural), a cliff or bluff line (topographic),

or a fault line scarp (structural and topographic). At least one and

possibly two other features shown on the map are probably topographic.

One of these features is "bill" 4911 on the left abutment upstream; the

other feature is the smaller "hill" 4905 on the dam center line near the

landslide feature. Also, the topographic rise indicated by "hill" 4905

may, in part, explain the occurrence of the landslide. That is, the

incision of Willow Creek at this point resulted in the exposure of this

hill, and thus, a significant portion of the canyon at this point was

cut into the basal sediment. Because the clays and sands of the basal

sediments were more susceptible to sliding than the overlying flows,

failure of these sediments resulted.

55. Figure 27 is a logically contoured isopach nap of the

interval 17A-18. This map shows that the thickness of this interval

ranges from a minimum of nearly 1 ft to a maximum of approximately

48 ft. This map reflects the topography on the basal sediments to the

extent that the mapped interval appears to thin somewhat in the area of

"hill" 4911; also, there is a distinct thickening to the north. Along

the presumed fault line there is an apparent thinning that is partic-

ularly evident to the west. The area of thinning could reflect the

upthrowm side of a fault; whereas, the thickening would represent the

downthrown side. However, the changes in thickness could also reflect

topography.
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56. Figure 28 is the structural contour map prepared for marker

horizon 17A. This map also suggests the presence of higher topography

in the vicinity of "hills" 4911 and 4905. At the dam center line and to

the west there is an apparent steepening of the surface along the trace

of the presumed fault.

57. Figure 29 is the structural contour map of horizon marker 17.

This surface is similar to that of marker horizon 17A. Generally, the

map indicates a surface dipping to the north.

58. Figure 30 shows the isopach map of interval 16-18. The

apparently anomalous thinning along the western portion of the presumed

fault trace is not continuous along the trace and is not present to the

east, upstream of the dam center line. The nonalignment of the thinning

anomaly with the trace of the fault near the dam center line could be

explained by a flatter dip on the fault plane here relative to the dip

downstream of the dam.

59. The structural contour map of marker horizon 16 is shown in

Figure 31. The highest elevation, 4975 ft, is located in the general

area of "hill" 4911 on the basal sediments surface; a low of 4862 ft

occurs in the right abutment. It is apparent that there is no anomaly

that conforms to the fault trace. If a fault has cut this surface,

erosion has removed the scarp. Note the draw or valley in the right

abutment upstream of the dam center line. This feature may be an indi-

cation of ancestral valley in the right abutment in which later accumu-

lated the channel gravel and the intracanyon basalt. The anomalous form

of the contour lines of the dam center line and south of the fault trace

probably reflects the landslide feature.

60. The structural contour map of marker horizons 15 and 15A

(combined) is shown in Figure 32. Although the amount of borehole

control is diminishing for the upper marker beds, the map does not show

any structural relationship between the surface of horizons 15 and 15A

and the trace of the presumed fault. Note that the draw in the right

abutment is still evident.

Reproduced From
Best Available Copy
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61. Figure 33 is the structural contour map of marker horizon 14.

The elevations range from a high of 5047 ft near "hill" 4911 on the

basal sediments to a low of 4904 ft on the downstream, right abutment.

Although borehole control is limited, the contours show the draw on the

right abutment. There are no indications of anomalies that could be

related to the fault trace.

62. The structural contour map of marker horizon 13, shown in

Figure 34, provides no information on the central part of the canyon

since the incision of the canyon by Willow Creek has removed this material.

The map does show the sides of the draw established in the right abutment.

The slopes on the sides of the draw are also shown on the structural

contour map of marker horizon 12 (Figure 35).

63. The integration of data derived from the structural contour

and isopach maps with information derived from the examination of field

relations does not support the existence of faults in the foundation.

The abrupt change in strike of the major offset (Fault 1) downstream

from the dam, the significant topographic variation on the basal sedi-

ments and younger surfaces, the inability to reconstruct rational prefault

conditions, the lack of sheared or gouge zones, and the presence of

landslides strongly support the conclusion that the identified offsets

in the foundation are topographic and that there are no active or capable

faults at the damslte.

Regional Faulting

64. This section of the report will describe the significance of

geologic structures beyond the damsite. The analysis of these struc-

tures was based upon published information, geologic maps, and primarily

upon interpretations of USGS data on young faults in the area.

65. Figure 36 shows the location of young mapped faults in the

study area. This is a modification of USGS Map MF-916, "Preliminary Map

of Young Faults in the United States as a Guide to Possible Fault Activity,

Miscellaneous Field Studies" (Howard et al., 1978). Figure 36 also shows

the earthquake epicenters.
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66. Those faults that would be of principal interest with respect

to activity or capability are those along which movement has occurred

during historic, Holocene, and late Quaternary times, labeled respectively

1, 2, and 3 on the map. The fault map shows that only one fault exhibited

historic movement; however, numerous faults exhibited movement during

Holocene and late Quaternary times. Also, the map does not show any

strong apparent correlation between faulting and earthquake epicenters.

In the absence of information on recurring movement for those faults of

late Quaternary age, the following discussion of significant faults will

be limited to historic and Holocene faulting.

67. Historic faulting occurred in the Hebgen Lake area approxi-

mately 150 km north-northwest of the site during the 17 August 1959

Hebgen Lake earthquake (M - 7.1). Holocene faulting occurred in south-

western Montana; along the northeast side of the Snake River graben; in

F the vicinity of the earthquake cluster along the Utah-Idaho border; and

at several locations on the Snake River Plain. Pertinent information on

these faults is given in Table 1.

Table 1

Rftional Historic and Holocene Faultins

SClosest Distance Fault maxiMam Theoretic r

Fault Location to Ririe (ku) Length (ka) AgeR Earthquake Kagnitude

Nebten Lake SW Montena 150 -25 Historic 7.0

Red Rock Creek SW Montana 120 60 Holocene 7.4

Grand Valley S.nake River grabon 20 110 Holocene 7.7 - "'

Unnamed litah-ldsho border 180 "8 Holocene 6.6

Unnamed 5nake River Plain 60 8 Holocene 6.6

Idaho Rift syst. Snake River Plain 140 29 Holocene 7.0*0

• Age based upon map by Howard at aL (1978).

s This magnitude is unrealistic in terma of the geologic environment of the rift SyseCm. A more reasonable

value it in the range of magnitude 5.0 to 5.3.

68. The significance of these faults to the seismic evaluation of

the site is dependent upon the location of the fault with respect to the

site, the fault length and potential size of earthquake generated, and

the degree of reliance placed on the evidence that the fault is, indeed,
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active or capable. Also, these factors must be correlated with historic

seismicity as well as with the geology of the area In question.

69. Based upon the consideration of the factors given above, the

Hebgen Lake and Red Rock Creek faults in southwest Montana, the Grand

Valley fault along the Snake River graben, and the unnamed fault along

the Utah-Idaho border are considered most significant with respect to

size, local seismicity, or nearness to the site. Those small faults

located on the Snake River Plain are not considered to significantly

affect the Ririe Dam site.

70. The Hebgen Lake and Red Rock Creek faults are both in areas

of high seismicity, which appear to be reasonably distinct zones. The

unnamed fault along the Utah-Idaho border also occurs in an area of

numerous earthquakes.

71. The most significant fault is the Grand Valley fault system

located east of the site. Although no macroearthquakes can be positively

associated with this system, its length and nearness to the site indicate

that its potential for generating earthquakes must be considered.

72. Figure 37 shows the details of the Grand Valley fault system.

This illustration was prepared from the previously mentioned USCS Map

MF-916 (Howard at al., 1978) and USGS Open-File Report 75-278 entitled

"Preliminary Map Showing Known and Suspected Active Faults in Idaho"

(Witkind,1975). This latter publication was the working document upon

which the Idaho portion of MF-916 was based.

73. Discussions with various USGS personnel were conducted to

determine the basis for the Holocene age of the Grand Valley fault.

Generally, the results of these discussions were that the determination

of fault age was subjective and was not based upon definitive strati-

graphic or seismological evidence. Furthermore, one basis for the age

was the occurrence of small earthquakes in the Caribou Range some 20 km

west of Palisades Reservoir. These earthquakes were believed to have

been induced by the reservoir, and the Grand Valley fault, which occurs

along the north side of the reservoir, was believed to have been active.

A discussion of reservoir-induced seismicity at Palisades Reservoir is
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given in PART IV. However, earthquakes in a reservoir area would not,

according to CE criteria, require that faults in the area be considered

active or capable.

74. The data sheet that describes the Grand Valley fault and that

provides available information for the classification of faults shown on

the Idaho portion of MF-916 was also examined. The data sheet indicated

that the fault had a high susceptibility for generating earthquakes

although there were no known surface breakages. The age of the fault

was given as late Cenozoic. Note that the age of the fault in Figure 37
'a

- 'is Holocene. This discrepancy in age may be due to error or to the

belief that Palisades Reservoir has induced seismicity on the fault.

The examination of USGS Map MF-287 (Jobin and Schroeder, 1964) which

shows the geology of Swan Valley southeast of Palisades Reservoir

reveals that in this area the Grand Valley fault is covered by Quater-

nary alluvium and is Tertiary in age.

75. In order to obtain further information on regional faulting,

aerial reconnaissance of the Ririe area was conducted using low sun

angle observations. The primary purpose of this work was to examine the

damsite and Snake River graben area in order to determine whether fault

offsets could be detected. These observations revealed no conclusive

evidence for recent fault offsets on the Grand Valley fault flanking the

graben nor at the damsite. However, aerial observations revealed the

presence of subdued scarps along the northern extension of the Heise

fault (Figure 37) on the Snake River Plain; this extension of the Heise

fault is the Rexburg fault. These scarps or offsets could not be traced

to the Heise fault and none were seen along the mapped trace of the

Heise fault. The observed scarps were evident for a distance of approx-

imately 10 km.* Williams and Embree (1980) trenched the Rexburg fault

at a location approximately 2.8 ki south of Rexburg and found faulted

• David B. Slemmons, Consulting Geologist, personal communications.
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middle to late Pleistocene deposits underlying unfaulted late Pleisto-

cene alluvial sediments. The older deposits were offset 1.6 m. No

Holocene movement was indicated.

76. Overall, the review of regional faulting did not reveal faults
t that could conclusively be classed as capable according to ER 1110-2-1806

(Office, Chief of Engineers, 1977), that is no observed movement within

the last 35,000 years, no seismicity, and no association with a known

capable fault. Although these regional faults are not capable according

to this definition, their relatively young age, uncertainty as to exact
age, and nearness to the damsite must be considered in the determination

of maximum earthquakes.

I
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PART IV: SEISMICITY

General

77. Ririe Dam is located in the Intermountain Seismic Belt (ISB);

the relations between seismicity and tectonics in this area have been

described by Smith and Sbar (1974). The ISB is a region of high seismiclty

and is classed by Algermissen (1969) as a zone of major damage (Zone 3).

Greensfelder (1976) has examined the tectonics and seismicity in Idaho

r and determined the maximum probable bedrock accelerations for the state.

The work of Smith and Sbar (1974) and Creensfelder (1976) will be related
to this study in subsequent sections of PART IV and in PART V of this

report.

78. This part of the report will provide information pertaining

to the historical earthquake record, levels of seismicity, locations of

earthquake events, concentrations of activity, recurrence, attenuation

of seismic energy, and potential for induced seismicity. This information

plus that determined from studies of the geology and faulting will form

the basis for the selection of the design earthquakes presented in

PART V.

Historical Earthquakes

79. The identification of a radius of interest for which historic

earthquake information is needed is site-dependent; specifically, the

area of investigation is inversely proportional to the level of seismic

activity at cr near the site and the presence of active or capable

faults at or near the site. At Ririe Dam the known earthquake activity

is relatively low and there are no known active or capable faults.

Therefore, the radius of investigation must extend considerably beyond

the site. This distance should include all earthquake sources or source

areas that are believed to possibly affect the site. Since the largest

earthquake event in the region was the Hebgen Lake earthquake in West
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Yellowstone and the area of highest seismicity is the Yellowstone National

Park (YNP) area, a radius of 200 km was selected to incorporate the area

of investigation.

"80. The basic data on historical seismicity was obtained from the

-* following sources: (a) Earthquake History of the United States (Environ-

mental Data Service 1973), (b) United States Earthquakes, 1971-76

(Environmental Data Service 1973-78), (c) National Oceanic and Atmo-

spheric Administration (NOAA) computer printouts, and (d) NOAA

computer-printed epicenter map. Source (a) is a compilation of earth-

R quake events and their descriptions through 1970; source (b) is a yearly

compilation through 1976. Both sources (a) and (b) contain data that

have been carefully reviewed and refined. Source (c) is a computer

listing of earthquakes in the geographic area (200 km from the dam)

retrieved from NOAA's earthquake data file. This source provides infor-

mation on more recent events; however, the data has not been subjected

to rigorous review.

81. The first step in the analysis of the seismicity is to prepare

a list of earthquakes. This list includes all detected events greater than

or equal to Modified Mercalli (NM) intensity IV or magnitude 3.0. The

table is the base from which the recurrence is determined. Appendix B

contains the earthquake list for the area within 200 km of Ririe Dam.

The first entry in the list is for the year 1880 and the table includes

1977 activity. The examination of the table reveals an apparent increase

in seismic activity with time. This appearance is believed due to low

population density in the early years of settlement and the increase in

the number of seismograph stations capable of detecting events in the

area.

* 82. The NOAA computer-printed epicenter map is shown in Figure 36.

r The epicenter map shows that the areas of higher seismic activity are

the Yellowstone National Park region and an area to the south of the

site on the Utah-Idaho border. The Snake River Plain is seen to be

relatively aseismic as is the site itself. However, one event having a

magnitude less than 6.0 is located a few kiloretres south of the site.
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No further information regarding this event could be found. Further to

the south in the Middle Rocky Mountains and Basin and Range Provinces,

"there are numerous low magnitude events.

83. The second step in the analysis is the comparison of the

significant events given in Table 2 with those shown on the epicenter

map (Figure 36). Significant earthquakes are those events having epi-

central intensities equal to or ,reater than M VII. MM VII or

magnitude 5.5 earthquakes are th,- lower limits for earthquakes that

Scould produce damage to structurc.. Thirteen significant events have

occurred. Three of these are loct.'cki along the Utah-Idaho border, and

the rest are located in Yellowstot .itional Park and vicinity. These

events are shown in Table 2 and are described in subsequent paragraphs.
4

Significant Earthquakes

84. The following is a general summary of the significant earth-

quakes that have occurred within a radius of 200 km of the site (see

Table 2).

11 Nov 1905

85. This MtM intensity VII event occurred near Shoshone, Idaho,

and was felt in southern Idaho, northern Utah, and eastern Oregon.

Minor damage occurred at Shoshone. This event was located approximately

235 km southwest of Ririe Dam on the Snake River Plain and is not shown

on the earthquake epicenter map (Figure 36), nor on the master earthquake

list (Appendix B) since it lies beyond 200 km of the site. However, the

event is significant because it is the largest event to occur on the Snake

River Plain and is, therefore, important in the identification of the maxi-

mum credible earthquake to occur on the Snake River Plain.

13 May 1914

86. This MM intensity VII event was felt over an area of 8000 sq mi.

Window• were broken and chimneys were toppled at Ogden, Utah, and it was

felt at Salt Lake City, Utah. Movement on the Wahsatch fault near the

Utah-Idaho border is believed to have resulted in this earthquake. No

ground breakage was reported.
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23 Nov 1947

87. This event occurred in central tadison County, Mont., and had

a magnitude of 6.2 and epicentral MM intensity of VIII. The event was

felt over an area of 150,000 sq ml and produced considerable damage

locally. No ground breakage was reported.

17 Aug 1959

88. The Hebgen Lake, Mont., earthquake having an MlH epicentral

intensity of X and a magnitude of 7.1 wa the largest event recorded in

the study area. This event was felt over 600,000 sq mi and produced

much damage and loss of life locaily. Minor damage also occurred in

northeastern Idaho and northwestern Wyoming. Approximately 150 after-

shocks were reported in the Yellowstone National Park area; included

among these were the events listed below.

18 Aug 1959

89. On this date five significant aftershocks from the Hebgen

Lake earthquake occurred. Three aftershocks occurred in Yellowstone

National Park. Two of these events had magnitudes of 6.5 and the third

had a magnitude of 6.0. One magnitude 5.5 event occurred at Hebgen

Lake, and a magnitude 6.0 event occurred approximately 40 km to the west

of Hebgen Lake.

30 Aug 1962

90. This magnitude 5.7, MM intensity VII event originated on the

East Cache Valley fault located approximately 25 km south of the Utah-

Idaho border. Landslides occurred and damage was estimated to be over

$1,000,000.

21 Oct 1964

91. This rather low intensity event produced some modest damage

in its epicentral area near Hebgen Lake, Mont.

27 Mar 1975

92. This event occurred in the Pocatello Valley approximately

25 km southwest of Malad City, Idaho. The earthquake exhibited an

epicentral MM intensity of VIII and a body-wave magnitude (Mb) of 6.1.

The event was preceded by a magnitude 4.4 foreshock and was followed by

I72
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approximately 14 aftershocks. No surface faulting was evident. Damage

was valued at approximately $1,000,000.

30 Jun 1975

93. This DI4 intensity VII, magnitude 5.6 (Mb) event occurred in

Yellowstone National Park and was felt of an area of 50,000 sq km.

Damage was generally minor, although numerous landslides occurred in the

National Park.

8 Dec 1976

94. This earthquake having a magnitude (Mb) of 5.5 and an MM

intensity of V also occurred in Yellowstone National Park. Very minor
damage was produced.95. A magnitude 6.0-6.9 event located at coordinates 44.75* N.

Lat. and 111.75* W. Long., is given on the NOAA epicentral map. No

collaborating information could be found f or this event.

Seismic Zonat ion

96. Seismic zonation is the identification and delineation of

zones or regions which, based upon their geologic, structural, and

seismic nature, exhibit distinct and different earthquake characteristics.

The nature and characteristics of the individual seismic zone includes

active and capable faults, earthquake size, and earthquake recurrence.

The use of seismic zones is based, therefore, upon the recognition that

the region is composed of distinct seismic source areas.

97. Although observation of the data on the epicenter map strongly

suggests that the area within 200 km of the site is not at all uniform,

the analysis of recurrence data* confirms the variations. Figure 38 is

a plot of recurrence curves for areas within 75, 100, 160, and 200 km of

the site. Cenerally, these curves demonstrate that the level of seis-

micity increases with the size of the area. At distances less than

75 km from the site, there was insufficient activity to construct a

* Recurrence curves for the seismic zoneo as well as definitions are

given in the next section.
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recurrence curve. The use of this arbitrary, geographical zonation

demonstrates in a semiquantitative manner the need for development of a

rational seismic zonation incorporating geological and structural data

to designate areas of distinct seismic character.

98. Three seismic zones were established and are shown in

Figure 39. The two areas of more concentrated seismic activity were

delineated as zones A and B. These zones include all of the historic

events within a 200-km radius of Ririe Dam, except for a few isolated,

scattered events. The zones cannot, therefore, be interpreted as being

rigid or fixed seismic zones, but rather can be interpreted as general

seismic zones whose effects can be related to the Ririe Dam area.

Zone A encompasses the general area of Yellowstone National Park and

portions of western Montana. Zone B includes those areas of earthquake

activity south of site including the area on the Utah-Idaho boreer.

Zone C includes the site and adjacent areas not in Zones A or B.

99. Zone A, the most obvious of the three zones, appears to

exhibit the highest level of seisricity. The largest earthquake events

in the zone are confined to a relatively narrow band approximately

100 km long and approximately 40 kv wide. The overall seismic activity

appears to be rather evenly distributed, however, across rather diverse

geologic structures including the Forthern and Middle Rocky Ifountain

fold belts and volcanic terrane of Yellowstone National Park. The

closest approach of Zone A to the site is approximately 105 kr.

100. Zone B is somewhat less well-defined seismically than Zone A,

even though the geology and structure are less diverse. Zone B includes

a portion of the Middle Rocky Mountains Province to the west and southwest

of the damsite and a larger area to the south in the Basin and Range

Province. This zone extends to within approximately 40 km cr so from

the damsite. Note that this zone has not been drawn to include the

Snake River graben area southeast of the site since there have been no

recorded earthquakes in this area. However, the Snake River graben area

is geologically similar with respect to type of faulting to the Basin

and Range Province.
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101. The seismicity in Zone B includes earthquake events occurring

in a broad band extending southwest of the Snake River graben to the

Utah-Idaho border. The area of greatest seismic activity occurs at the

southwest terminus of the zone and includes both the 1962 Cache Valley

and 1975 Malad City events (see Table 2). Generally, the seismicity

becomes less pronounced from this area toward the northeast and toward

the north at the damsite. This large area of rather diverse seismicity,

particularly with respect to earthquake size, is considered to be a

meaningful and conservative seismotectonic entity because of the generally

limited information on capable faults and limited historical earthquake

coverage throughout this area. It is apparent that a less conservative

approach to regional zonation would be to subdivide Zone B into two

zones, one of which would include the general area of the Malad City and

Cache Valley earthquakes along the Utah-Idaho border and the other zone

including the area of rather low level seismicity to the west of the

Snake River graben and south of the site. However, such a subdivision

would imply that there was sufficient evidence to conclude that the

Cache Valley and Malad tity type events could not occur any closer to

the site than this general area of the Utah-Idaho border. Furthermore,

there would be the implication that the Snake River groben is conclusively

not a source of earthquakes. Both implications may be too uncertain,

therefore, for such a subdivision, and conservatism requires that these

two subareas be included in the same zone. This conservatism may be

lessened somewhat by not requiring the maximum earthquake for this zone

to "float" closer to the site than the radius of the near field for this

event.

Recurrence

102. Recurrence curves were constructed for Zones A and B. These

curves (Figure 40) demonstrate the relation between an event of a given

size and time. Recurrence curves provide the following information:

(a) the curves show the frequency of occurrence of a particular event;
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(b) the relative smoothness of the curve is indicative of the sufficiency

and reliability of the data; (c) the curves provide a basis for comparing

two or more zones; (d) in conjunction with geologic and structural data,

the curves may be used to Identify raximum earthquakes; and (e) the

curves form the basis for statistical evaluation.

103. The recurrence curves are both relatively smooth indicating

that the data base is sufficiently large with respect to the number of

"events and number of years considered and that reliable information may

V: be obtained from them. However, there is no indication of a steepening

of the slopes toward higher magnitude values; such a steepening would

more readily lend itself to the determination of maximum earthquakes.

In the absence of steepening and without geological evidence of active

or capable faults, the determination of maximum earthquakes nust be

somewhat arbitrary.

104. The recurrence curves developed by Creensfelder (1976) for

ISB and the Basin and Range Province in Idaho are shown in Figures 41

and 42, respectively. Note that these curves take area into account.

Cenerally, Greensfelder's curves suggest that the Basin and Range Prov-

ince has a somewhat lower level of seismicity than the overall ISB and

that the slopes of the two curves are slightly different. The comparison

of Creensfelder's curves with those developed in this study reveals that

the curve for Zone A exhibits a higher level of seismicity than that of

the overall ISB and that the seismicity level for Zone B is similar to

the level in the ISB.

105. A tabulation of earthquake magnitude versus return period

for 10, 100, and 100 yr is given below for both seismic zones:

Earthquake Magnitude
Return Period, yr Zone A Zone B

10 5.6 4.8

100 7.3 6.2

1000 8.8 7.8
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This tabulation and Figure 40 indicate that seismic activity in Zone A

is considerably higher than that in Zone B. For both zones, the data

for 1000 yr have been obtained by extrapolation. It is possible, however,

that the curves steepen sharply and turn down. Thus, tihe straight-line

extrapolation of these curves to higher return periods (lower recurrence)

is conservative.

Maximum Earthquakes

106. The maximum earthquake (ME) is the severest earthquake that is

believed to be possible at the site on the basis of geological and seis-

mological evidence (Office, Chief of Engineers, 1977). Maximum earthquakes

may be determined for faults which are believed to be capable and for

zones of earthquake activity. Previous parts of this report have shown

that no conclusive evidence exists for the occurrence of capable faults,

although there is some degree of uncertainty. Therefore, maximum earth-

quakes were determined for each earthquake zone (A, B, and C) primarily

on the basis of the historical seismic record and consideration of the

uncertainty pertaining to capable faults. The recurrence curves

(Figure 40) were used to establish a lower magnitude limit. The lower

limit was taken as that magnitude event which could be expected to occur

during 100 yr. This time period is approximately equal to the period of

record and somewhat larger than the expected project life. These magni-

tude values are given in the tabulation above. The maximum earthquakes,

shown below, were determined by increasing the lO0-yr magnitude event in

Zone A from 7.3 to 7.5 and the Zone B event from 6.2 to 7.0:

Zone A M = 7.5

Zone B M = 7.0

107. These values are believed to be reasonable, conservative, and

to reflect the uncertainty which exists with respect to the earthquake

record and faulting. These maximum earthquakes may occur anywhere in

their respective zones with the exception that the Zone B earthquake may

occur no closer to the site than the radius of the near field for that

earthquake as defined by Krinitzsky and Chang (1977).

i Reproduced Fromn

S e-st Available Copy
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108. The maximum earthquake is likely to occur near the site on

the Rexburg Bench or on the Snake River Plain; Zone C mast also be

considered. Greensfelder (1976) considers that the maximum earthquake

for this area would be a magnitude 5.0 event. The size of this event

was based upon the seismicity of other volcanic terranes such as Iceland.

It is apparent that insufficient seismic data is available for the Ririe

Dam area to make a definitive determination. However, it seems reasonable

and conservative to consider the local ME to be an event somewhat larger

than magnitude 5.0; therefore, the local ME is arbitrarily defined as a

magnitude 5.5 event.

109. Thus, the three events (ME's) that must be considered in the

selection of design earthquakes are:

Zone A M - 7.5

Zone B M = 7.0

Zone C M - 5.5

110. The design earthquake will be the event that yields the

highest intensity and concomitant ground motions after attenuation to

the site. These earthquake magnitudes are considered to be conservative

yet reasonable in terms of the structural and tectonic setting of the

area (Slemmons, 1976).

Reservoir-Induced Seismicity

111. In certain geologic and seismological environments, the

filling of large reservoirs may induce earthquakes. Generally, only

reservoirs having depths exceeding 100 m in height and impounding over

1,000,000 acre-ft of water are considered likely to induce earthquakes

(Johnson, Krinitzsky, and Dixon,1977). The consideration of induced

seismicity is important because this factor determines the location of

the local earthquake; that is, if the reservoir is considered likely to

induce earthquakes, the induced earthquake event is postulated to occur

at the reservoir and to produce near-field conditions.

112. The determination of susceptibility for inducing earthquakes

is based upon three elements: (a) size of dam and reservoir, (b) capable
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faults at site, and (c) the history of Induced seismicity at other sites

in area. The significance of these three elements at lRrie Dam is given

below.

Dam and reservoir size

113. Ririe Dam is 251 ft high and the impoundment is approximately

100,000 acre-ft. but these dimensions are smaller than those in any case

where reservoir-induced seismicity has been described.

Capable faults

114. Although the faults in the vicinity of the site are relatively

young, they are not judged to be capable or active. The absence of

capable or active faulting diminishes the prospects of induced seismicity.

History of induced seismicity

115. If the review of the historical seismicity produced evidence

that similarly sized, nearby reservoirs have induced earthquakes, there

would be a strong possibility that Ririe Lake could also induce earthquakes.

The nearest large reservoir to Ririe Is Palisades Reservoir. The dam

there is 270 ft high and the impoundment is 1,402,000 acre-ft. Schleicher

(1975) has studied the relations between water level at Palisades Reservoir

and the occurrence of numerous small earthquakes whose center of activity

lies in the Caribou Range approximately 10-20 km to the west. These

earthquakes lie in the northern one-half of Zone B. Schleicher's data

included approximately 120 events detected between 1960 and 1969. No

data were available for prefilling conditions prior to filling of the

reservoir in 1956. Also. there is only minor microseismic monitoring

data; this area of the Caribou Range was monitored for a month in 1966

and a few days in 1969. Such short periods of time are usually insuf-

ficient to establish meaningful relationships (Patrick,1977).

Schleicher's (1975) study revealed, however, a fairly strong apparent

correlation between water level in the reservoir and the number of

earthquakes; generally, the greatest occurrence of events coincided with

extreme high or low pool elevation. Schleicher concluded that the

reservoir may have triggered movement on the faults that bound the Snake

River graben (see Figure 35).
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116. The supposition that Palisades Reservoir has induced earth-

quakes is beset with difficulties, primarily with respect to the data

base and the locations of the suspected induced events. As previously

mentioned, the absence of prefilling data poses serious interpretative

problems. The locations of the suspected induced events seem exceedingly

distant from the reservoir to be related to water level changes and

movement on the boundary faults at the dam. It would appear that the
A evidence supporting induced seismicity at Palisades Reservoir is

nonconclusive.

117. American Falls Reservoir, located on the Snake River plain

approximately 125 lm southwest of Ririe Dam, is in an extremely aseismic

area; no earthquakes have been reported within 50 km of the dam. The

height of the dam is 94 ft and the impoundment is 1,700,000 acre-ft.

Blackfoot Reservoir (height, 49 ft; capacity, 413,000 acre-ft) and Grays

Lake (height, 12 ft; capacity, 40,000 acre-ft) are located south of

Ririe, and neither have induced earthquakes.

118. The significance of whether Palisades Reservoir has induced

seismicity may not be very meaningful, since this dam is situated in an

area of considerably different geological and seismological c'laracter

than that of Ririe.

119. The absence of seismicity at American Falls, the small size

of Ririe, the apparent absence of seismicity during the filling of

Ririe, the absence of capable faults, and the overall lack of seismicity

in the reservoir area indicate that induced seismicity is not to be

expected at Ririe.

120. Thus, the local Zone C as well as the Zone B event earthquake

should be located no closer to the dam than the limit of the near fields

for these events.

Focal Depth and Mechanisms

121. Smith and Sbar (1974) have presented information on the

focal depths, mechanisms, and tectonic association of earthquakes in the

Intermountain Seismic Belt. Generally, most of the earthquakes in this
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area occur at focal depths less than 20 km and many occur at less than

10 km. Mechanisms of faulting determined from fault plane solutions are

known for some earthquake events in limited areas.

122. In the Hebgen Lake-Yellowstona National Park area (Zone A),

fault plane solutions for the 1959 Hebgen Lake earthquake indicated dip

slip movement, which was in accord with observed surface displacements.

The mechanism for the 1964 event in the area was strike slip. Fault

plane solutions have been made for aftershocks of the Cache Valley

earthquake along the Utah-Idaho border (Zone B). These data indicate

normal faulting with focal depths of 3 to 16 kim.

8
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PART V: DESIGN EARTHQUAKES

General

123. Having established the maximum earthquakes and their

locations within their respective zones, the next step in the analysis

is the determination of the expected ground motions (particle accelera-

tion, velocity, and displacement) at the site caused by these maximum

earthquakes. The design earthquake will be that which produces the

largest motions at the site. Generally, site ground motions can be

determined by two methods; one method involves empirical relations

between magnitude, distance from earthquake, and acceleration (Schnabel

and Seed,1973). This methodology is widely used in the western United

States, particularly in California. The second method involves the

attenuation of intensity and the correlation of ground motion with the

attenuated intensity (Krinitzsky and Chang,1977). Both methods will be

given below.

Attenuation

124. The attenuation of seismic energy from a source area to a

given point of interest is a complex determination. The attenuation

that occurs is a function of the source mechanisms (type of faulting,

magnitude, frequency content, etc.), nature of the path (structure,

lithology), and the geology of the site. Ordinarily, there is insuffi-

cient information available concerning these variables to precisely

define the amount of attenuation that will occur. In the absence of

site-specific information, attenuation is based upon empirical data

relating intensity to distance for the general region. Empirical curves,

such as those given in Krinitzsky and Chang (1977) for the western,

central, and eastern United States, may be used; presumably the curves

for western United States would be applicable for the Ririe, Idaho area.

125. The attenuation curves for the western United States are

shown in Figure 43. These curves are based upon MM intensity. The
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equivalent epicentral intensity and radius of near field for given

earthquake magnitudes are given below (Krinitzsky and Chang, 1977):

MQ MaximumRihe aniue••Intensity (I ) Radius of
Richter Magnitude (o) I Near Field (kin)

8.0 XI --

7.5 XI 45

7.0 X 40

6.5 IX 35

6.0 XIII 25

5.5 VII 15

126. The applicability of the western United States attenuation

curves was verified by studies of attenuation exhibited by the Hebgen

Lake, Cache Valley, and Halad City events. The respective isoseismal

maps for these three events are shown in Figures 44, 45, and 46. Inten-

sity information was extracted from each isoseismal map along a line

extending from the epicenter of the particular event to Ririe. Figure 47

is a plot of these intensities versus distance for the three events.

127. Table 3 shows the comparison between attenuations derived

from the isoseismal maps and attenuations determined from curves for the

Table 3

Comparison of Intensity Values Derived from
Isoseismal Maps with Values Taken from Attenuation

Curves for the Western United States

MM Intensity
Distance Isoseismal Western

Event km map U. S. Curves

Hebgen Lake, 25 Near Field Near Field
M = 7.1, I = X 50 VII - VIII VII - VIII

Near Field* 40 km 75 VI - VII VII
100 VI - VII VI - VII
175 V- VI V

(Continued)
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Table 3 (Concluded)

MM Intensity
Distance Isoseissal Western

Event km Map U. S. Curves

Cache Valley 25 V - VI VI
M - 5.7, I - VII 50 IV - V V

0
P~ear Field. . 15 km 75 III - IV V

100 Not felt
175 Not felt --

?'alad City 25 VI - VII VIl
M - 6.1, I a VIII, 50 V VI

0
Near Field* - 25 km 75 IV- V V

ICC III- IV V
175 Not felt

western United States. The examination of the table reveals that the

attenuation of seismic energy for these three earthquakes was typical

for the western United States and indicates that the empirical attenu-

ation curves for the western United States (Figure 43) are appropriate

for the Ririe area.

128. The ME's epicentral intensities, site intensities, and

distances to the site are given below for each zone:

Epicentral Distance from Site
Zone ME(M) Intensity (MM) Zone to Ririe (kin) Field Intensity (MW)

A 7.5 XI 105 Far VII-VIII

8 7.0 X 40 Far VIII-IX

C 5.5 VII 15 Far VI-VII

129. The field conditions for all three events are considered to

be far field. Note that the limits of Zone B are approximately 40 km

from the site. The Zone B event was placed at the near-field radius

because there was no compelling reason to suspect activity at the site.

Thus, in the absence of active or capable faults and induced seismicity

at the site, the events should be located no closer to the site than the

near-field radius.
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Earthquake Ground Motions

14 130. Bedrock accelerations for the state of Idaho have been

determined by Greensfelder (1976) who believed that earthquakes would

occur on the mapped young faults. Using recurrence data he determined

himself, recurrence data of Smith and Sbar (1974), western United States

attenuation rates, and probability analysis, Creensfelder determined the

maximum probable magnitudes and accelerations for the tectonic provinces

of Idaho. Greensfelder's study did not involve earthquakes originating

in the Yellowstone National Park (Zone A of this study).

131. Figure 48 is a map showing Greensfelder's (1976) maximum

probable rock accelerations for the Ririe area. These acceleration

values shown have a probability of exceeding of 104 /yr. The maximum

earthquake was considered to be magnitude 6.5 in nonfaulted areas and

magnitude 7.0 along major faults. Greensfelder assumed that the faults

bounding the Snake River graben were capable of producing earthquakes.

Such an interpretation resulted in the high acceleration values at Ririe

of approximately 45 percent g and 75 percent g on the faults. The

shaded area southeast of Ririe in the Caribou Range could expect a

randomly distributed event producing accelerations of approximately

75 percent g. The shaded area is the region of suggested reservoir-

induced seismicity.

132. Greensfelder's (1976) acceleration values are not considered

to be applicable to Ririe Dam mainly because it is not believed that

either of the faults bounding the Snake River graben is active or capable.

Another reason pertains to Greensfelder's magnitude 6.5 maximum earthquake.

Such a value seems too low when one considers that the Malad City event was

magnitude 6.1. Recall from paragraph 105 that for Zone B a magnitude 6.2

event exhibited a return period of approximately 100 yr. Thus, even

though the mapped acceleration values for the magnitude 6.5 event exhibit f
-4

a low probability value (10 /yr), they may not, in fact, be particularly

conservative.

133. Greensfelder's (1976) procedures also do not adequately 4

distinguish between the near and far fields. The near-field radius for
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Figure 48. Maximum probable rock acceleration for the Ririe Dam area
(Greensfelder, 1976)
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a magnitude 7.0 event on the Grand Valley fault would be 40 km. The

near field would then include the damsite at Ririe, and the ground

motions could easily be higher than the 45 percent g shown on Greens-

felder's map.

134. The following procedures for determining ground motions

(acceleration, velocity, and displacement) are empirical in nature and

are based upon the expected site intensity from a maximum earthquake

"originating in a particular zone or source and upon tabulated relations

between intensity and ground motion. Charts relating intensity and

ground motions have been developed by Krinitzsky and Chang (1977).

Figures 49, 50, and 51 show the relations between intensity and acceler-

ation, velocity, and displacement, respectively. Current practice at the

U. S. Army Engineer Waterways Experiment Station (WES) requires that the

line denoting 80 percent of observed data be used.

135. The tabulated values for peak, horizontal ground motions at

the site for events in the respective earthquake zones are given below:

Site Acceleration Velocity Displacement
Zone Intensity (MM) W (cm/sec) (cm)

A VII - VIII 0.22 32 20

B VIII - IX 0.28 40 23

C VI - VII 0.16 25 15

136. The relations between intensity and duration of strong

motion (bracketed acceleration > 0.05 g) are shown in Figure 52. The

value for duration will be approximately 10 sec, specified for hard rock

under the embankment.

137. The determination of peak ground motions may also be derived

using relations between magnitude, distance, and acceleration or velocity.

Schnabel and Seed (1973) and Nuttli (1979) methods were also used to

determine ground motions and are given below. The Schnabel and Seed

(1973) method gives average values of maximum peak acceleration and the

Nuttli (1979) technique involves determination of maximum sustained

ground acceleration and velocity and their equivalent peak motions:

, ~97
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Schnabel and Sed (.1973)

Zone Peak acceleration (g)

A 0.07

B 0.20

C 0.19

Nuttli (1979)
Peak

Zone Peak acceleration (g) Velocity (cm/sec)

A 0.09 18

B 0.21 26

C 0.13 4

138. The ground motions shown above may be compared with those

shown in paragraph 135 which were determined by the Krinitzsky and Chang

(1977) method. The latter method is seen to give somewhat higher values

since motions were obtained using 80 percent of observed data. The

motions determined by the Krinitzsky and Chang method appear reasonable.

and conservative and will be used for the determination of design earth-

quakes in the following section.

Design and Operating Basis Earthquakes

139. The design basis earthquake, the event through which the dam

must maintain its functional integrity, is the Zone B earthquake. These

motions are free field. A recapitulation of the data for this event is

given below:

Magni- o Distance to Isite Accel. Velocity Displacement
Zone tude (MM) Ririe, km (MM) g's cm/sec cm

B 7.0 X 40 VII-IX 0.28 40 23

(Duration on hard rock 10 sec)
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140. The operating basis earthquake, the event through which the

dam must maintain an operational status, would be the Zone C event

below (Again, these motions are free field.):

Magni- 1o Distance to Isite Accel. Veliocity Displacement

Zone tude (MM) Ririe, km (MM) a's cm/sec cm

C 5.5 VII 15 VI-VII 0.16 25 15

(Duration on hard rock = 10 sec)

iI
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PART VI: SUMMARY AND CONCLUSIONS

141. The evaluation of site geology based upon field observations,

reexamination of boring logs, core drilling, aerial photography, and

structural contour and isopach mapping resulted in the conclusion that

subsurface offsets under the embankment were iaterpreted as landslide

and topography-related rather than as faults. The evidence for the

nontectonic origin of the offsets includes the following: (a) extensive

modern landslides along Willow Creek, (b) topographic evidence for

landslide on left abutment prior to the alluviation of Willow Creek,

(c) the inability to reconstruct rational "prefault" conditions, (d) lack

of sheared or gouged zones, and (e) the significant amount of topographic

variation on the marker horizon surfaces.

142. Reservoir-induced seismicity is not considered to be a

seismic hazard at Ririe Dam due to the absence of active or capable

faults in the site, the small size of the dam and lake, and the absence

of well-documented evidence for inducepd seismicity at other, regional

reservoirs. Regionally, the USGS has preliminarily identified six

faults within 200 km of the site that exhibit historic or Holocene age

I movement. Two occur in the Hebgen Lake area and nearby portions of
Ii southwestern Montano (adjacent to Yellowstýne National Park); one occurs

on the Utah-Idaho border. These three faults are in areas having high

levels of seismicity. Two fault systems occur on the Snake River Plain

and are not associated with high seismicity. The Grand Valley fault

bordering the Snake River graben to the east of the site is considered

to be Holocene in age by the USGS; however, there is no compelling

evidence for this age.

143. The examination of the regional historic seismicity and the

integration of information from fault studies revealed that the region

could be subdivided into three seismic zones. One zone is the Yellow-

stone National Park area (Zone A); the second zone is a broad area of

southeastern Idaho directly south of the site (Zone B); and the third

zone included the site itself and the adjacent Snake River Plain
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(Zone C). Recurrence curves were plotted for Zones A and B; recurrence

data integrated with fault information were used to identify maximum

earthquakes in each zone. These maximum earthquakes for each zone are:

Zone A, magnitude 7.5; Zone B, magnitude 7.0; and Zone C, magnitude 5.5.

The Zone A and B events are believed to have a return period of approxi-

mately 500 yr.

144. Ground motions from these zones were attenuated to the site

using western United States attenuation data. The resulting ground

motions for each zone are all far field. The design basis earthquake, a

Zone B event, would produce the following peak ground motions at the

site: acceleration 0.28 g; velocity 40 cm/sec; and displacement, 23 cm.

The duration of strong motion (bracketed acceleration > 0.05 g) on hard

rock under the dam is estimated to be 10 sec.
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0 Lopi eer~; Wi In Ws ns Disrict 11. TOTAL NO. OF OVER. 0*VR YRR
* HOLE NO. (A. , e -URir ,. SUNDEN SAMPLES TAKEN 1

S. NAME 0f DRILLER 14. TOTAL SUMBER CORE BOXES

(p..It, ELEVATION GROUND VATER

A. DIRECTION OF "OLE , . R9 ..CC.....

L.%--SRTC -C £ZINCLINEH ____________a. ... 1R.. -s.1. It. DATE HOLE i. Au; 2? *mun 79
g7. ELEVATICW TOP OF HOLE !'q97,

7THICKNESS OP OVERNUROEN 90.8 ft:

D Lt. TOTAL CORE RECOVERY FOR RORING 53
I). SIGNATURE OF INSPECTOR

N. TOTAL DEPTT Of LOLIE It, ,
CLASSIFICATION Of MATERIALS SCORE NOx OR REMARKS

(O MAORECOV. SAMPLE (OIIIAI II, -.tI.... dpHNEL-IVATION DEPYN LE[GEND (O..aM1.n (CV- NO.t, a.Urdll g. *IN.,l IIla .I*hI SI
CRY No. of~~*l t. II•~iL

('I iHnlm '.iurni-c_ . o boulder c4 asn in 
t
op 17 fts i 0f hole

A uvi um-sanI, gravel z.-i
boL ,re NX -,sino f

5-

7

8 Basalt boulderS.' thick Cemented hole

Aug 1978
Stopped drilling at 90.8'
pulled NX casing and left-
BX casing in hole

L879.2 0 bas. -gr.-bl
-- ves., h. frac. n Resumed drilling June 79
-- m. frae., some yes. 71 1

100 - ..
ENG FORM 18 36 PREVIOUS EDITIONS ARE OOLIETE. P

MAR 71

rRASLUCKA'n D11 252
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DRILLING LOG oD r IVSIL•EE•$T

I. RIOJ0CT I0. SIZ• AND TYPE OF OIT AX !',)r I'orl nf,
r,:lrlua]jl, IHazard Study I. DATUM rOR •LEVATION SNORN (TFORN$.{E)

I LOCATION (CI, ,Mino, -1.JMJA., N1L

•'i i I r]lT- tj ri , T TunTr5_ 12. MANUfACTURIER' DESIGNATION OF DRILL

3, DRILLING AGENCY

Corps of Erigineer2;, Wallal Walla Pistrict II. TOTAL NO. OF OV ER. - IRRE ~~~ N
4. HOLE NO. (A*. - IH &..W4 lill[ sURDEN SAMPLES TAKENE"- III A'1 DI! 252

S, NANE OF DRILLERM It4 TOTAL NUM9ER CORE BOX1ES

it. ELEVATION GROUND WATER
N. DIRECTION OF DOLE I "R I D

Ct-TCAL 0CL,-•,-._ 09 .. FROM .I.,I. DAT OLE A I Au 78 7 __ 28 Jane (9

TICKN OF OVER DEN 1. ELEVATION TP OF OLE 7
N. THICKESSO RI EDINTO DN g0CR .ft IB. TOTAL CORE RECOVERY FOR BORING 5I

DEPTH• DRILLED} INTO MOCK •"1. SIGNATURE OF INPE9CTOR

9. TOTALD OPT, OF OLE 122. ft

ELEVTIN . _'... CLASSIFICATION OF MATERIALS %cm C ORE BOR0 RIEMARKS(DH- EOSAMPLE*. ('O.Wh/• ie.• o .1dl),o
ERTl•;,•[q NO. n ,sI,1, .ic.. II NIJUIIc.,tI

an N o It

-- h. frac. es. cal. in
v-s., redds~h' Soe B3 I
-- in. frac. , some ves.

10o Uigh clay content in
19 return water

- ___________________ -Red clay on end core
('1l., red, stiff, silty zones Lost core, probably

- asal sediments 0 washed out, return wai.er

- ~ had high clay-silt con-F

-491

ottom o hole

EKG FORM 18 36 -REVIouI EDITION$ ARE OBSOLETE. POETML O
MA 1(rRANStUcENT) D11 252

A4
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DVI11NMTAL"6
DRILLING LOG Joe n ufeET

ePLJECY0. SIZE AND TYPE Of BIT IEX
Enirthquftke Hazard ftudy 11. DATU U I. K EENPIUN EWWI(Yw.r~uri

£TMATION (CoM PI~I.)u

1L2ire Dam- HiriL. Idliuo MACIifSEOAOOONL~ RLIGAGENCY
Corpo of' Fhglneers, Walla Walla Distrlct It TOTAL Wf9OkV1VN I6TED WSNT*@

4. HMO 00O. (A. .A. .b 111.1 bsIokE SAMLE gtA s

ILNMEO ILE ITl 253 .4. TOTAL NUMEER COME Boxs 6
Don Keys IS. ELEVA'TION GROUNDWEATER 20 f~t

C IRCTO orpc HOLE 14. DATE HOLEVE icoMwlE

[3VVr~.ufA OI..CLII.EO _______ 06.. PRO" VENT. LAEOE 2 u. 977 :116 July 1979
7. "IKNISSof VEBUREN 90. f 17. ELEVATION TOP Of MOLE 4.970

7. DETH DILLED SINO O OVREOCK 900 t. TOTAL COMIC RECOVERY FOR DORNIIG 89
CEPN RILE ITOROK 9.7 ft Va. SINTURK OP INSPECTOR

9. TOTAL DEPTH OF MOLEI 179.7 ft
ELEVATION j,"N LEGEND CLAIMIPICATION OF MATERIALS 'S CORE sox O EMKNA01KS

n9COV. SAMPLE9 (rVSIPME -, N- S...e N.
CR No -*-K WI t v

4970 Random fill--cl. to boulder

size -
1 Silty .oand anid gravel

20 Water table at 20 ft

Silty clay

3Sand, gravel, and boulders

50

70

L880 9Q.... Topofe~Isag. r.b h. frac., red

-15- e1!,yin frac. sur'face--1t ~
4873 -7:53
-87 -15a- -- Sandy-silty, cl., red

ING FORIA1836 PREViOAISEDITIODISANIOO0L*TE. 1PROJECT OE
MAN 71 Or4SUXT H 253

A5
Reproduced From

Best AalbeCopy



V.ac In AT'

- -- ---- ---y e .T

12 -i~~ra. 0 #e'yn.Bo0
-fI:'It" C ;D ALtIN 100 I

-- in. fI.c.,O TOP. OFt a. ox 3

11 100

1828~m -17- -- rec

79

1819-i~- -- fra., Ven. 8it 3m.

12 ~ -frac., now ves. o 2

100

100

-frac. noes. green cal. 100

i88n17 f-rac., m.hae rc

179

4197.15 -18t- Clfr. e, vs.wtiff silty-X ,

s-fandy zones .Z

Banl sedimentufacs 91

703 180Bto7o oe8 Box 5

E14G FORM 18 36 ,MjvIO0JS VODIONS ANC O.&OLCM E 5-

f7rAIPILUCENT)

A6 Reproduced From
Best Available Copy



Hole N . mi ?

DRILLING LOG ov sMHlS

I _RORECT 10. SIlt AND TYPE OF Sit NX.

' ri 11. DATUM FOU ELEVATION SHOW4N (rliTW- L
N LOCATIOU (Cooc..1,.,.$. l• S,.I..Jt,,

I ' Dlu'l, Hi 1i , laho I1 MANUFACTURERS' DEIIIMATION Of DRILL
2ORILLING AGENCY

l'or,;+ C (1 F:n 1fl1122.t:+ 'al q Wali [a• Dlstr'•ctNO
I. TOTAL.N. Or OVER. I I..... . UNOINTU..NO

4. HOLE NO. (A, .1, *A 11,1l1 RUIOEM SAMPLES TAKEN
II. N.i )1 251 hh

N MOPRLE14. TOTAL NUMUER CORE OXNES. MAUI! OF DRILLER

1I. ELEVATION GROUND WATER .lo r

NI OIRECTION OP NOtE OI'NVART IYOS! C..--
EI. DATE HOLE , ! 

1'

11. ELEVATION TOP OF HOLE ,g.t .87. TIIICKNESS OP OV.ERUROEN 31,8 rt ?+.
IO10. TOTAL COME RECOVERY FOR DORING (½

6* ODETH DRILLED INTO ROCK 3W ft 1S. SIGNATURE O1 INSPECTOR

1. TOTAL OEPýIi OF HOLE , .

TLýTO EIIEEO CLASSIFICATION OP MATERIALS 1 COME SON OR REMARKFS
A(0RECOV- SAMPLE (DUOIJ iI.C 1 &., d pth

ELEAATION1OEPTNIEGERO CN~t~I.~ (Y NO 0g.t i.II.tt

., y,'.;v si It with cobbles

layepy silt, some gravel and
sr~nd

lQI" .8 Water table

PO

Sand and gravel

60

- _Tor Bedrock

-- Ras.. , .- bl., frac. red 100 Box 1 •ot of cl. in returnel. on frac. surfaces -1.9-- -- bre rc. su water from 88 It to
. 9_1- 98 't

4863.8 100 -16- . .. hily frac. * red clay on 9bfraI. Tur faces

ENG FORM 18,36 PREVIOUS 90ITIOS ARE OBSOLETE. ROL 4*0.

MAR71
TRAMISLUCEIN ih -54,

A7
Reproduced From
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DIVISION IN PLLATIONSET
DRILLING LOG jor ýS~T

I PROJECT 10. SIZC AND TYPE OF BIT l
iu-irthrquwke Hazardi Studiy - Hirir Ham nI AU 7 LVTom SHOWN (TOM - AL)

2. LOCATION (C-f....,5111t

HRi rio DHas Hirie, Idaho 12 MANUFACTURER'S DESIGNATION OF DRILL

3. DRILLING AGENCY

Corps of Engineers, Walla Walla Dintrict 1.TTLN.O VR TR9
4 HOLE NO (A, 01.. , .. *1161.1 BURDEN SAMPLES TAKEN Nn 10

NAME F DRLLER -Af 5hI1. TOTAL NUMBER CORE BOXES ;3

DanKey 7. ELEVATION GROUND WATER 1
1

H

7. TNICRNESS OF OVENBUNOEN 3114. ft

84 17TA -- OrRE ,EOVR Fee. cBlRfliG

17 re. , red, .st cl ill i 6nCmetg -bl

Baa l simnt Cysod sclty iashedur
awayteoror from 12t

112 ft to 1bottom of
_______________________ oie-)High clay-silt

1i87 a-r 72 tton of' hole 0 __ content in return
water, no basalt
cuttings

ENG FORM 18 36 -t ,o-s ECITION$ AREi OWSLCT9. IPROJECT HOLENO

(TRANOLVCKNT) Dh 254.
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D;ŽHol Ms 10~ 1

I ROEC A.TIE ANOLYE OF Oi

)z7112MAUFCTRE'SDEIGATIO N TO0E OE 19 ' DRL.

13. TOTOTLNR. OFRT OP GOLE

S. AMTOERILERA 4L TTA kUCOR C0ORE BoxesS

ELE ATIn DP LEGENO 16 EL EVAINGO UND WATP E IRII~j1. .R ~. ~f
4.DRCTORFHO E1.DAEHL 10 - .19 Mrs. .I. II .I5LifII.X ,

Ul. CI 0 NCI- GK. RO W T.1ý6 J lyIfll? ll

7. ~ ~ ~ ~ ~ ~ c. THICNES Ofd OVRUravý'-f 7.EIV ATO O OEl 9

10. TOTAL rouEnRCOtErY FtRlSOPft

DET RLEDIT OK 2 .0

19 INTR O NPCO

roc

--h.y frac. Ie. e l

i rcl.,sn an rvl

4090

Ba.7r-l Prole caving t intobd

7-h.frac., no es., 93 c.

Box I
96

-8Q.-a.,n ys 95 Cement hole Z
--m. rac. no es. 00

14378 -15- --brec. 11

-'-m. frac.. ve. 1 High Clay content in

- brec. return water from 85 to
981 Bx292 ft.

4850 - 15a Clfty , sandy-silty , red .s ti f

"85 16- _ -liaa., fr *bl. highiy frac. Art~al an beneath~ -i.

e .. IL ci. in rrac. & VITO 54r Bx 104.4 rt head
ENG FORM 18 36 PREVIOUS tEwTIOUS ARE oasoseuft. PROJECT .I

A9 Reproduced From

Best Available Copy



U sl Me. :,If 5'

-SIVlS INSTALLATION M4EET
DRILLING LOG OF_, SHEETS

I, RROJECT tO. SIZC AND TYPE OF NIT *j/
S:Lr.hqlulkc •IZ:LeTI :;tUdy _ _ . U

2. LOCATION ( • -Ij S.J

Pir'v D1r'tm H• 1"i,, 1dILd" 12. MANUFACTURER'S DESIGNATION OF ORII.L

V. DRILLING AOINCY

Corf Walla WaLla Iti I ,tr 13. TOTAL NO, OF OVER. DIr*IO LINOII 15550

A HO IF NO. (A. 1i,1.1 irm IRII SUROEN SAMPLES TAXtN K

S. NAME OF DRILLER 214. TOTAL NUMNER CORlE *OXES

Don Kevs 
It. ELEVATION OROUND WATER

S. DIRECTION OF HOLE 1 ¢O..TI

( VATICL ZIOCLN C o __INIt ____ Ott. FROU 1tRT. 1I. DATE HOLE I "a JU11 1979 7 Aualut, i1"
7. THICKNESS Of OVERBURDEN 5 t 17. ELEVATION TOP OF NOLE 4q6(-.S

. $ U .2 ft tA. TOTAL CORE RECOVERY FOR BORING %
S. DEPTH DRILLED INTO ROCK 128.6 ft 19. SIGNATIPE OF INSPECTOR

N. TOTAL DEPTH OF HOLE I D. 6
CLASSIFICATION OF MATERIALS N CORE BOX O REMAROS

ELEVATION DEFTOffl LIEGEND CO.. Ip110,rl NECOV. SAMPL E OIIII 1. IH• I-,, AEN ol(tR NO. .. rl.0 ,I i .1'., II i.InRItIIO*

6 t",

4 7 it-- -- M. frac., yes., red cl. in
frac. and ye, . 100

100 Box 3

10_ -"-Red, m. frac., red cl. in
frac. and ves.
-Frac., ves., gr.-bl., red
71. in frac. and ves.

-- frac., few ves.

20
95

Box 14

130 100

Box 5

-- H. frac., v.-s., cal. in ves.

100+
140- -- Frac., few ves. 100

4820 - -17- -- Brec. and h. fran., red cl.

and cal. in yes. 100
48i6.5 -17a- -- H. frac., red cl. and cal. 6

in frac. and ves.

150-- -- frac., cal.
-- h. frac., ves., cal. and 95
red cl. in frac. and ves.
-- h. frac., ves. red, red cl.
and cal. in frac. and vesa . 00
-- h. frac., yes., cal. and
red cl. in yes. and frac.

i60- -- frac., few ves., cal. and
red cl. in frac. 93

-- h. frac., ves., cal. and Box 7
red cl. in ves. and frac. 100+

1179'5 7 _-18- -- frac.. few yes., cl. in Z
170 frac., 6al.

Basal sediments--cl. red,
sandy-silty zones

417

180

11779.9 Bottom of hole 73Box 8

ENOM FORM 18 36 ,PRVOU, EDITION$ ARE OMOLET,. ,•OJtCT IMOL RD.

M4AR 7t M 255
C TRAM DL (1C 915T1

A1.0 Reproduced From
Best Available Copy



DIV-1ISIONINTLAIN-7 1
DRILLING LOG ,,SET

tPROJECT 0SIEADTPOFIT.1Y

Earthquake.H.az~ar 6 tudy ,DTU O FLWVATIOM SHOIIN (T7 M5L
Z- LOCATION Ms..A,.. .,L..

Rir ie Dan Ririe,* Idaho ...MAUFACTURIR'S DESIGNATION OF DRILL
I. DRILLING AGENCY

Corps of Engineers, Wailu Walla District 13. TOTAL. NO. OF OVR I .... 0....
4. HOLE NO. (A. .H.., .a1111SJRDt. SAMPLE$ TAKEN

Dif 256
S. NAME OF GRILLER 14. TOTAL. NUMBER CORE BOXES

Don Keyss I5. ELEVATION GROUND WATER

6. DIRECTION Of HOLE .DAEHL IT..I.

OWMARICAI CDINCLINWO 090. FROM Y DTE OL I It Aug 1979 P2( Aug 1979

~.THICKNESS OF OVERBURDEN 321f*7. ELEVATION TOP OFHOLE 496'r.3
10. TOTAL CORE RECOVERY FOR SORING Qfl

8- DEPTH DRILLED INTO POCK 148.7 ft 19. SIGNATURE OF INSPECTOR

S. TOTAL DEPTH OF HOLE 180.8 ft

ELVTO ET EED CLASSIFICATION OF MATERIALS % CORE Box OR REMARKSRD_.MWECOV. SAMPLE (DLIIIA1 _M, HI... d.hH ef

.967jRandom fill

la Boulders, silt, gravel

Initial and final water-

2Q-:- table 17 ft Z

Siltygray clay
30 Talus

4935.2 Bas., frac.. gr.-bl., no

ves. * gray ci. & cal. in fra. No water return
--Brec. 90

--frac., gray cl. and cal. in
4 frac. (3*-h. frac., with gray cl. & Box 1Cemented hole at L6 ft

cal. in frac. (1 1/2 sacks)

--brec. :8

4915.6 50- NO CORE 18 No core, from 51.7 ft
- to 56.8 ft, no water re-

turn; high water pres-
Gra l wihbs frac., 0 sure, cemented hole at

4190.5! Bl eX ih1CL 56.8 ft (1 1/la sack)

4909.1 Top of Bedrock
6:- Bas. , m.frac., cal. 85

-495.3 -114- Bas. , h. free., yes., red 1004-
cs., & cal. 0

--frac. yes. Watertable 1-1 ft
--h. frac., ves., red cl. & Box Cemented hole (3 sacks

70 cal. 91 cement)
--frac. , ves.-, ci. & cal.

Watertable 7.8 ft
-- m. frac., few ves. 100

80- --h. frac., few yes. 100 Bo 3
-100 Bo 3
--frac., few yea., cal. In
yes. 100

4879.3 -- 15- --brec., yes., cal.
90- --h. free., yes. 100

--Dier., Ives. Box 4a

4871.3 -15 Clay, ta~n. silfy, sandy, 10

4a969.3 00 -- re. ien Waterto~ble 7.5 ft

E OR 8 36 PREVIOUJS EDITIONS ARC ORSOLETE. POETML o

MA71rTNANSLUCE/47 DH 256
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Hole*N. [)1 I 5
DiViSION INS ALL TION SHCEET ;'

DRILLING LOG oF r SHEETS
1. OROJCCT 10. SIZE AND TY"P OP SIT NX

1,arthqoizwý Hiazardi :tudy I AU O LVTO HW TN-m
2. LOCATION fClelllept .. d - , #Qn S-"; i -

R irie DUn Ri rie, (daho .2 MA.. C..Ur..E.S ,ESIA..T..... .L
$- DRILLING AGENCYONOGRL

Corps of' n•Egineer:;. WalIa Wa-ia Dictrict 1i. TOTAL NO, of OVEN- I ..... ED ... UN E '

S. NOLE NO. IA. . .-. t .1..! f. URDEN SAMPLES TAKEN!I

:H 2;-56
a. NAME OF DRILLER 14. TOTAL NUMBER COME 9OXE1

ýon K/eys S. ELEVATION GROUND WATER
DIRECTION OF HOLE 'I STARTD IoTLNYND1

16, DATE HOLE }lJ• •• :• r7

CDR-.C-L _--]NCI._E 05e. 'FROMEST. • Ag 79 P7 A-, 7 9
17. ELEVATION TCI' OF HOLE 4c)6 i

.TNICHNt OF• OVERIURDN 32.1 ft
0N 0 D Ii7. TOTAL CORE RECOVERY EOR BORING '1 5

S DETOTA DRILLED INTO ROCH 108.7 ft IN. SIGNATURE OF INSPECTOR
N. TOTAL DEPTH O D1 OLE 16{0.11 ft
ELEVATIO0 LEEND CLASSIFICATION Of MATERIALS %CORE sOx DR REMARKS

ELEVATION DEPTH LEGEND • RECOV. SAMPLE (DrIII.NS IR -- D*S. deph Hf

CR No.

6 "as., gr.-bl. , frac. yes.
"--frac.. .no ves. 9I
-- h. frac.
-- brec. -___ x 5
-- a. frac. ,' .... , red 95

10--frac. large ves. . , tr.-bl.

-- frac., few yes.

-- i. frac. few ves. 98
-- frac., few ves., cal., al-
ternating section of red weo Box 6

. thered ard gray unweathered 98

-- h. frac.
-- m. frae ., few ves., Wer-

thered ser'-ons
1I- -- frae., few ves.. 100+

BOX 7
-- frac ., no ves., black
-- free., no yes., gr.-bl. 100

6.-~ 9 -17- -- brec., cal.
-- !. frac., yes., cal.

rWatertahle 6.5 ft
-- h. frac., yes, clay

150 -- brec . and h. fre. 100

go

-Ilta- -- r. es. red ci.,

16) -- frac., ves., er.-bl. 100+
l.J -- frac., few yes. Box 9

-i.frae., vex., cal. ,red
!1. in free. l00

17--fine., few yes., cal.

--m-. free., ves. * green cal.

L791.8 8 and cl. in ves, and frac. 86 Boy. _______________ aetbe57f

Cl., red, sandy-silty %ones.

Basal sediments 9
4786.5 180 -bottom of hole 9.- ____________

ENG FORM 18 36 PRVOSEDITIONS ARE OBSOLETE. .IOWT-7 .""
MANR It

FTHANUSLUCENT 
il25
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Best Available COPY



Hate. N,,. i ;7

DIVISION INSTALLATION I TE

DRILLING LOG of 2 sHEETS
I. PROJECT I1. SIZE AND TYPe OF SIT N OX

•J~lrthquac• . IturA i•Iy IT,---WM FOR ELEVATION SHOWN (TR• - R)

2. LOCATION (Co-i,.. - $StmIor:1S)

;iri e Dam Ni rior,, idaho 1i. MANUFACTURER'S DESIGNAYION OF DRILL

3. DRILLING AGENCY
Ccrpis of Erlrinrer;, :s Wall IDist~ric. ITOTAL NO, OF OVER. I ........

A. SOLIE NO (A. BAo. 5 SRMA fIt.I SURDEN SAMPLES TAKEN

SNAEOFDILE i D1 257 1.4 TOTAL NUMBER CORE BOXES
S. NAME OF DRILLER___________________________

S Y:-. IS ELEVATION GROUND WATER

C. DIRECTION OF SOLE •ISTARVE G I COSPISU RDI,,, DATE OLE p J • _
[ SNE..AL , NA- _,- _ oEAPRO.,,, A" -v DATE SOLE 27 Aug (9 Ii eop 79

, TICKNES OF OVERBURDEN 51.7t. ELEVATION TOP OrF OLE ! Q7. 1,
S. TOTAL CORE RECOVERY FOR BORING 83

N DEPTS DRILLED INTO ROCK 1214 3 ft N2. SIGNATURE OF INSPECTOR

i. TOTAL DEPTH OF AOLE CM2.?o fto

CLASSIFICATION OF MATERIALS R CORE Box DR REMARKS

ELEVATION DENTS LEGEND (OS•nI R ECOV- SAMPLE ,'.1'..,E IM,. -- ,*. Io... 4555, o,
FRY SOS

9° Random fil

"Silty clay

20 -i

Gravel and silty grayish cla

30-

50 Silty gray clay

1909.1 -

4907. 3 Top of bedrock
6 Bas., brec., gr.-bl.

6 lt-- -- Bas., m. frac few yes
small crystal laths of fels- 100
par,' red clay in frac.

Box 1

-- mod. to h. frac., yes., cl. 100

70 in frac. and ves.
-- frac., ves., red cl. in
frac. cal. 99 Watertable 5.6 ft at
-- frac., few large ves. with 7-.0 ft~cal, crystals

cal. crystacrytas-- cal. cr'stl in ves.

-- mod. to h. frac., yes., cali
& red clay in frac. and Ves. 100+

Bo-

-- frac., few yes. cal. 98 Box 2

-- h. frac., yes., cal and, red
clay in frac. and yes.

92
1976.3 90 -15- -- brec., yes.

Box 1 high clay content in
19 return water

h8(A :A -yes., nio frac.,red ci. and
1 1O0 al. in yes.

ENG FORM 1836 PEVIOUS EDITIONS AFE OSoLRTE. PROJECT .tO.. MO.

MAR 7t

,rRANSLUCIENT DIi 257
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____________________________ 
Hole 99 .. ,,

DRILLING LOG 1"..,. POJECTr I0, WIl AND TYPE OP 91?T I
Earthquaike 11izard Lluivy .1101 VANNVELv~IRlU (7111 s, MET -

2. L OCAT ION (C-d.,.. -, 81,j

Ririe tliur Hirie, II.Tho 12 MANUFACTURERKj DESIGNATION O40 DRILL
N RILLI-4G AGEN CYCorpsq or F1,ýgineers. wit.la Wit-ina District 1*I. TOA o o VR

K. H4OLE NO. (A. A.M,- #of). III URDEN SAMPLEN9 TA 'IN
-ý mi. .. **0 ___________________________

S. NAME Of DRILLER ~ ~~--IC TOTAL MUMMER C0ORE BONES

Doni Keys 14. ELEVATION GROUND WATER

N. DIRI9CTION OF HO)LE IN. DATE MOLF. 
1

N*RR ICG-.E,

C VSR~TCAU CDINCLINCO_______ 044. VAGIA VCNT. 27~ Aug '79 h1 S, 79

7. THICKNESS or OVERBDURDEN 57.9 ft 17. CLEVATION TOO OF HOLE 14967 -1

B1. DEPTH DRILLED INTO ROCK 12L4.3 ft 1N. SOTALACORE R0 ISECOTERYCRORN

P. TOTAL DEPTH OFHOLZ 182.2 ft I.SGAUEO NPCO

ELEVATION DEP" LEGNDj CLASSIFICATION or MATERIALS 0%CORE sox oR REMARKS
(OsRct0 COV* SAMPLE N- ~wI. loe =*I

CRY NO. dDs~.I, *I., It .16WISIN

45~67 3 k3as. ms. frac. ,few yes., red

-frac., to s., fradc. l & f r es. 800+ x

c d clay in frac.
-ox 4I

100

12r
-h. frac., weathered brown 100
--m. frac., weathered brown
zones
--h. frac.,I weathered 100 Box 5
--s. frac., no yes.

139. -in. frac. * highly weathered
brown, cal. healed frac.
--frac. * few yes., weathered 100
zone
;-mod, to highly frac., Ves.7
ed ci. in ves. 95

11100 Box 6

11822.3 -17- --h. frac. to brec. yes.
cal. and red cl. in frac. & 60
Ves.

41.150
-111. 17a-. --s. frac., few yes., c al.

red clay in yes. & frac. 941

- h. t'rac., yes. cal. in yes r
1l. in yes, and rac. Box7

16a- -rrac., few ves., red cal. 541
in yes, and frac.

--frac., yes., cal. 100+
--h. frac., ves.
-in. frac., few yes., cal.

170- 80
- -frac, few yes., weathered o8

rowniA- red, cal, & red cl. Bo 8
j13frac. and ves.

14792.3 -Z-18- lay, -red, stiff, sandy-silty Z
zones

10 asal sediments

7 ottosi hole

190
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DRILLING LOG ,% 2 iMStwl

I 7gj a rlrthP 00 size Mo ?.',

1. IOCt'O ~d,. ii
URri e i{nrIn, ,d|fio it UAItaIhACTURIi 016O[IJOAI0 Of OWILL

3. DRILLIWO AGENCY
Corps of ,,,r, Wrillsi Walla D)strict. •

11. TOTAL Of. OF OVE.. .- *wAgoo
4OLE NO. (A. A. - .& rinft lUROI MPLEI ?AEIil

S. NAME OF DI iLL '. 14. TOTAL MUNGER CORE SOX95

.i 1 M Knick It. ELCVAION RGROUNO WATIR

N. OIRCCTION Or POL. I "O NEO I€CLRRI

CM .~ __ _ - I... -. 1. "'. OATR ROLE 1t 79 1

it. ELEVATION TOP OF mOLt 4.961.•17. TICKkEtSS OF Ov(9•GURON U .l ft
'I. TOTAL COME RECOVCRT PON 0O0INOea OPT•i•iRILLO INO ROCii 66.6 rt 0i.'iio C0yu 0, OF INIPECTOR

1. TOTAL DEPTN OF HOLE i144,.O ft

* 4 .* ..

•161.4 - Random fill

AlLuvium
Gravel, sand, silt

h91.7.3• -

--atertable at 1..1 ft --
after hole plugged -

20

50

60-

7 -- Silty gray clay, Gravel

Top bedrock Hole plugged t.o stop
8Q_. Bas. with reddish colored artesian flow

clay frag. ranging up to
coarse sand size

9-7

Artesian between 96.3 ft
100
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DRILLING LOG 0, gets

Al glt AR M6V~ :I. ,

1. LOCATION EC..o..A,

Hrk* Own Mr. 71di. MANUvk.CTUMICA*, 0(IUGNATi* Of DRILL
I OMILL-NO AGENCY

4 ,.OLC 40. fA:.#.A SUNI. iuOEM SAUFL91I& TAIOt

. AMC Of DALE 14 TOTAL MUMBIR CORI 4OXE1S

Jim 2rijck 1. *LCVATIO* GROUND 04716

4,04IAO r OE1 DATE HOLE imv0 joW#

-- I. ~~. I K TLE V T O . . e F o v p a 0L (G
6. of PT" DRrILLED INT0 ROCK 66.6 Irt. iSGAUE0 A 0

SL TOTAL DEPTH Of HOLE 11411.O ft I_____________
ELEVATION 0EPTH LEGINDI CLASSCAO. 01 UNWAI'EfIALS %CORIE so010n RINCARXs

IFIATIN O M ECOV. %^"PCL foUow IN- ,- ~I. d~.1
c PU-lw It *IU 04

,R11 4 Easniat with, reddiih culored
QlILy fzrrtgnonts rang~ing1 up to
c-oarse sand sizeý

12Q-

13n

"t 4 Bottom of hole

15-

ENG FORM 1836 ... VICIJI EDITION$ ARE ONOLIETZ. !R-0JECT, OL No,
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OIV~~ INITALLAYION NC
ORILLINGs LOG WIP: or SMIICTS

I PROJIVCT 10. SJlt AND TYPE OF 01T r-/;, bl ' 1,'
`,i rt i,?iý p. 1;;jI;'d l I DATUM FOR ELEVATION SW5EN fVWM Gý -

Ni ~ v, j , l02 , wMARýfj-ýUACRugS DESIGNATION. Of DRILL
3. DRILLING A.EC

C ih~.jre~r;, w I Will 11 istiet, TOTAL MO. OF OVIER-K; UfO UNINulf
4. HOL " NO fA,- P PP. *,- fil,! MURDEN SAMPL CS TAKEN

P. "' PNS0 IA CA1CREfoe
6 NAVE OF DRILLER 1.TOTAL HMUNE OR OE

1JC ri Keiva IS. ELEVATION GROUND WATER ,h.9 t
S. DIRECTION OF HOLE ITT AOL 11 coetinrgo

[:0--C -t CZICLPNSOD DEG. FROMI "-NT. 62;.7 7 .

7. THICNNES OF OVERCURDEIN IT.EEAINTPO OE I)~f
I.OTLCORE RECOVERY Fop ISORING

B. DEPTH DRILLED INTO MOCK 12IV I. SIGNATURE OF INSPECTOR

N. TOTAL DEPTH Or HOLE I126 ft ______________

ELVTO ET EED CLASSIFICATION Of MATERIALS SCoRn I[ O OR REMARKS
ELFV*TIOAkin MC?3LEEDRCOV. SAMPLE (DrIII&W. IMll P. .. I-o.. =0SeCRY No. -1-rd 41'. -A.ImI~.~

1,962 Fi 1l-gravvel and rluvlomr fill

al luviukm-sand, gravel and

botilders

5 U:

6n

7C- Clay, gray, silty

-7: Top bedrockowtreunuti
- Bas., vgr.-bl., with reddish re acher depthr of 00il

celored cilay fra~ents rangli g rahddpho ()
up to coarse sand size

9Z

100 -

ENG FORM 18 36 lREVI- DUI(TIONISAMCORBOIITI 01 0
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HNot No. PN L;,4
OIv iSl IIIALLATI nK 1i[T -T

DRILLING LOG oDS 2 SHEETS
iP PROJECT W0. SIZE AND TYPE OF WiT

PFArth oak Hazard tu U EVATION MOTM P - L)
4. LOCATION (Cso..r... S ll."j

hi Hrie Damr IQ ri, Idaho 12+ MANUFACTURER'S DESIGNATION OF DRILL

. ODIILLING AGENCY

Corps of' Engineern, Waila Waila Districl
13. TOTAL No. OF OVER. i IJIIDIV ... O0

5 SOLE KOD (A. - *4 il+11! BuRoEN SAMPLES TAKEN I

.,~tIIRI*~ N 124.CK
5 NAME Or DRILLER 14. TOTAL NUMBER CORE BOXES

IDcn K-'.s It, ELEVATION OROUNO WATER h91 *

C. DIRECTION OF HOLE T €O"PL-D

10 DATETE "OLELRETKRTIC.¢L E•,UCL,•D oBG. *. Y9EN.1I. SeTEpHLE Soot 79 7 sent 79

7. THICKNESS OF OVERBURDEN 7. f 1". ELEVATION TOP OF HOLE,,
B1 TOTAL CORE RECOVERY FOR BORING %

DEPTH DRILLEO INTO MOCK 52 ft IN. SIGNATURE OF INSPECTOR

S. TOTAL DEPT" Of HOLE 126 ft
CLASIFICATION OF MATERIALS % CORE bOx OR REMARKS

ELEVATION DEPTH LEGEND RC SAMPLE rDUfA q te • ro.. d=.IS .4
______ (Y NO. Ifid. 1It., II J*ISIII¢IC+

B~ •as.. with r ed dis 1 LOred water return
clay fragments ranging up to

coarse cand size

,n return water red from

high clay content

-- Bottom of hole

-Z

13

ENG FORM 18 36 PREVIOUS EDITIONS ARE oBB6LTE P E HOL O.,

MAN71 Hl'N 127%
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APPENDIX B

LIST OF HISTORIC EARTHQUAKES
WIrhIN A RADIUS 0F 200 KH OF RIRIE DAM
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